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L— Bkstobation  of  bomb  Eubopian  Dinosaubs,  with  Suggbstions 

AS    TO   TBEIB  PlAOB  AMONG   THE  KsPTILIA.^ 

By  Profeisor  0.  C.  Marsh,  M.A.,  Ph.D.,  LL.D.,  F.G.S.; 
of  Tale  College,  New  HaTen,  U.S. 

(PLATES   I-IV.) 

TJWR  several  years  I  have  been  engaged  in  investigating  the 
Jj  Dinosaurs  of  North  America,  where  these  extinct  reptiles  were 
very  abundant  during  the  whole  of  Mesozoic  time,  llie  results  of 
my  Btady  have  been  published  from  time  to  time,  and  I  have  already 
bad  the  honour  of  presenting  some  of  these  to  the  British  Association. 
In  carrying  out  this  investigation  so  as  to  include  the  whole  group 
of  Dinosaurs,  wherever  found,  and  bringing  all  under  one  system  of 
classification,  it  has  been  necessary  for  me  to  study  the  remains 
discovered  in  Europe,  and  1  have  made  several  visits  to  this  country 
for  that  purpose. 

In  comparing  the  forms  known  from  the  two  continents,  certain 
important  diflferences,  as  well  as  some  marked  resemblances  between 
the  two,  have  been  observed,  and  placed  on  record.  In  concluding 
my  investigations  of  the  North  American  forms,  I  have  fortunately 
been  able  to  make  restorations  of  the  skeletons  of  quite  a  number  of 
very  complete  type  specimens,  and  this  has  proved  a  most  instructive 
means  of  comparing  those  from  different  horizons,  and  of  different 
groups,  among  the  known  Dinosauria  of  America. 

The  success  of  this  plan  rendered  it  very  desirable  to  extend  it, 
if  possible,  to  the  best-known  forms  of  European  Dinosaurs.  This 
I  have  been  enabled  to  do  in  a  few  instances,  and  the  main  object 
of  the  present  paper  is  to  lay  these  latest  results  before  you. 

In  approaching  the  subject  of  Europeiin  Dinosaurs,  and  especially 
tbose  of  England,  where  the  study  of  the  group  first  began,  I  am 
Well  aware  that  I  am  on  delicate  ground,  since  many  and  various 
opinions  have  been  expressed  in  regard  to  the  nature  of  the  remains 
bere  discovered,  and  particularly  as  to  the  form  and  appearance 
daring  life  of  the  animals  they  represent.  I  may,  perhaps,  be 
permitted,  in  this  connection,  to  say,  what  has  often  occurred  to 
me,  that  the  Dinosaurs  seem  to  have  been  rather  unfortunate,  and 

*  Abstract  of  paper  read  before  Section  C,  British  Association  for  the  Advance- 
ment of  Science,  Ipswich,  September  Uth,  1896. 
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to  have  suffered  much  from  both  their  enemies  and  their  friends. 
Many  of  th^m  were  destroyed  and  dismembered  long  ago  by  their 
natural  .eoemies,  but,  more  recently,  their  friends  have  done  them 
further '-injustice  in  putting  together  their  scattered  remains,  and 
restonnj|^.them  to  supposed  lifelike  forms. 

76a.  are  all  doubtless  familiar  with  the  story  told  by  your  witty 

.counti^man,  George  Lewis,  in  his  life  of  Goethe,  of  an  international 

attempt  to  reconstruct  the  camel.    To  complete  this  task,  the  English- 

. '-.man,  it  is  said,  travelled  to  distant  lands,  studied  the  animal  in  its 

.  •..•'•.native  wilds,  and  then  prepared  his  report;  the  Frenchman  went  to 

^./•'.*  the  museum  in  Paris,  examined  stuffed  specimens  and  skeletons, 

and  wrote  his  account;  while  the  German  remained  in  his  study  at 

home,  meditated  on  the  subject,  and  finally  evolved  his  idea  of  the 

camel  from  his  inner  consciousness.     Similar  methods,  but  not  on 

the  same  international  lines,  have  been  followed  in  the  case  of  the 

Dinosaurs,  and  if  some  of  those  that  have  been   restored  could 

speak,  whatever  they  might  say  about  the  prehistoric  enemies  that 

destroyed  them,  they  would   surely  ask   to   be   saved   from  their 

latter-day  friends. 

Seriously,  I  think  justice  has  not  been  done  to  this  remarkable 
group  of  reptiles  in  rehabilitating  them  for  the  benefit  of  the  rising 
generation  in  science,  and  some  of  the  attempts,  I  fear,  have  been 
so  firmly  implanted  in  text-book  literature,  that,  like  the  oft-repeated 
myth  of  the  "coral  insect,"  the  errors  will  pass  down  to  the  next 
century  before  being  eradicated.  The  German  method  has  some- 
times been  used  by  Anglo-Saxons,  and  with  a  success  quite  equal 
to  that  in  the  case  of  the  camel.  To  take  one  instance  familiar  to 
you  all,  let  me  mention  MegalosauruSf  the  first  Dinosaur  described, 
and  also  Iguanodon,  an  herbivorous  colleague,  on  which  it  doubtless 
preyed.  The  first  restoration  of  these  two  reptiles  made  them,  as 
they  were  supposed  to  be  in  life,  quadrupedal,  or  four-footed  animals, 
of  forbidding  aspect,  and  as  such  they  have  since  haunted  the  visions 
of  several  generations,  young  and  old,  by  night  and  by  day.  I  have 
just  made  a  pilgrimage  to  Sydenham  to  see  with  my  own  eyes  these 
famous  restorations,  and,  so  far  as  I  can  judge,  there  is  nothing  like 
unto  them  in  the  heavens,  or  on  the  earth,  or  in  the  waters  under 
the  earth.  We  now  know  from  good  evidence  that  both  MegalO' 
saurus  and  Iguanodon  were  bipedal,  and  to  represent  them  as  creeping, 
except  in  their  extreme  youth,  would  be  almost  as  incongruous  as  to 
do  this  by  the  genus  Homo. 

Lest  it  be  supposed  that  I  consider  the  Dinosaurs  alone  to  have 
suffered  from  the  attempts  of  their  friends  to  restore  them  to  life, 
I  might  recall  to  your  remembrance  the  well-known  figure  in  the 
text-books  of  Dinothertumf  reclining  peacefully,  with  its  feet  and 
limbs  concealed,  for  the  simple  reason  that  no  one  knew  anything 
about  them  ;  or  that  other  picture  of  the  Lahyrinthodon  without 
a  tail,  deliberately  making  footprints  upon  the  sands  of  time, 
while  no  such  form  has  yet  been  discovered.  I  might  refer  to 
still  more  frightful  examples  of  the  dangers  encountered  by  over- 
zealous  historians  of  ancient  life,  but  those  given  will  suffice. 
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Hie  Teatorations  of  Dinosaurs  I  have  now  to  submit  to  you 
m  four  in  number,  and  represent  some  of  the  best-known 
Earopean  forms,  types  of  the  genera  Compsognathus^  Scelidosawrus, 
Bfpmhphodon,  and  Iguanodon,  These  outline  restorations  have 
been  prepared  by  me  mainly  for  oomparison  with  the  oorresponding 
American  forms,  bat  in  part  to  insure,  so  far  as  the  present  oppor- 
tonity  will  allow,  a  more  oomprehensive  review  of  the  whole  gproup. 
The  specimens  restored  are  all  of  great  interest  in  themselves,  and 
of  special  importanoe  when  compared  with  their  nearest  American 
allies. 

Compsognaihus.     (Plate  I.) 

The  first  restoration,  that  of  Compsognaihus  longipes^  Wagner, 
1861,  shown  one-fourth  natural  size  in  Plate  I,  is  believed  to 
represent  fairly  well  the  general  form  and  natural  position,  when 
alive,  of  this  diminutive  carnivorous  Dinosaur,  that  lived  during  the 
Jarassic  period.  The  basis  for  this  restoration  comprises — (1)  a 
careful  study  of  tbe  type  specimen  itself,  made  by  me  in  Munich, 
in  1881 ;  (2)  an  accurate  cast  of  this  specimen,  sent  to  md  by 
Prof,  von  Zittel ;  and  (3)  a  careful  drawing  of  the  original  made 
by  Erapf,  in  1887.  The  original  description  and  figure  of  Wagner 
(Bavarian  Academy  of  Sciences,  1861),  and  those  of  later  authors, 
have  also  been  used  for  some  of  the  details.  No  restoration  of  the 
skeleton  of  this  unique  Dinosaur  has  hitherto  been  attempted.^ 

Compsognaihus  has  been  studied  by  so  many  anatomists  of  repute 
since  its  discovery,  that  any  attempt  to  restore  the  skeleton  to  a 
natural  position  will  be  scrutinized  from  various  points  of  view. 
My  interest  in  this  unique  specimen  led  me  long  ago  to  examine 
it  with  care,  and  I  have  since  made  a  minute  study  of  it,  as  related 
elsewhere,  not  merely  to  ascertain  all  I  could  about  its  anatomy, 
bat  also  to  learn,  if  possible,  what  its  relations  were  to  another 
diminutive  form,  Hallopus,  from  a  lower  horizon  in  America,  which 
has  been  asserted  to  be  a  near  ally.  Both  are  carnivorous  Dinosaurs, 
probably,  but  certainly  on  quite  dififerent  lines  of  descent. 

The  only  previous  attempt  to  restore  this  remarkable  Dinosaur 
was  by  Huxley,  when  in  America,  in  1876.  He  made  a  rapid 
sketch  from  the  Wagner  figure,  and  I  had  this  enlarged  for  his 
New  York  lecture.  This  sketch,  reproduced  on  the  diagram  on 
p.  4  (Fig.  1),  represents  the  animal  sitting  down,  a  position  which 
snch  Dinosaurs  occasionally  assumed,  as  shown  by  the  footprints  in 
tbe  Connecticut  Valley,  which  Huxley  examined  in  place  at  several 
localities  with  great  interest 

The  great  majority  of  Dinosaurian  footprints  preserved  were 
certainly  made  during  ordinary  locomotion,  although  some  series 
show  evidence    of  more  rapid   movement.     All  those  referred  to 

*  The  remains  of  the  embrvo  within  the  skeleton  of  Compsogtiathtts^  first  detected 
by  me  in  1881,  while  examining  the  ty])e  specimen,  is  not  represented  in  the  present 
restoration.  This  unique  fossil  affords  the  only  known  evidence  that  Dinosaurs  were 
▼iTiparons. 
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carnivorous  Dinosaurs  are  bipedal,  and  this  is  true  of  the  footprints 
of  many  herbivorous  forms. 

In  the  present  restoration  of  Compsognathus  (Plate  I)  I  have 
tried  to  represent  the  animal  as  walking,  in  a  characteristic  and 
lifelike  position. 


Fio  1. — Sketch  of   Compsognathui  Umgipet,  Wagner.     Oiie-BeTcnth  natural  size. 

(After  Huxley,) 

Scelidosaurus,     Page  5  (Plate  II). 

The  second  of  these  restorations  is  that  of  Scelidosaurus  Sarrisoniit 
of  Owen,  shown  one-eighteenth  natural  size  on  p.  5  (Plate  II).  lliis 
reptile  was  an  herbivorous  Dinosaur  of  moderate  size,  related  to 
StegosauruSy  and  was  its  predecessor  from  a  lower  geological  horizon 
in  England.  This  restoration  is  essentially  based  upon  the  original 
description  and  figures  of  Owen  (Palsdontographical  Society,  1861). 
These  have  been  supplemented  by  my  own  notes  and  sketches, 
made  during  examinations  of  the  type  specimen,  now  in  the  British 
Museum. 

Scelidosaurus  is  a  near  relative,  as  it  were,  of  one  of  our  American 
forms,  Stegosaurus,  now  represented  by  so  many  specimens  that  we 
know  the  skull,  skeleton,  and  dermal  armour  with  much  certainty. 
The  English  form  known  as  Omosaurus  is  still  more  nearly  allied  to 
Stegosaurus,  perhaps  identical. 

A  restoration  of  the  skeleton  of  Scelidosaurus,  by  Dr.  Henry 
Woodward,  will  be  found  in  the  British  Museum  Guide  to  Geology 
and  Palsdontology,  1890,  p.  19.  The  missing  parts  are  restor^ 
from  Iguanodon,  and  the  animal  is  represented  as  bipedal,  as  in 
that  genus. 

In  the  present  outline  restoration  of  Scelidosaurus,  1  have  en- 
deavoured merely  to  place  on  record  my  idea  of  the  form  and 
position  of  the  skeleton,  when  the  animal  was  alive,  bcused  on  the 
remains  I  have  myself  examined.  In  case  of  doubt,  as,  for  example, 
in  regard  to  the  front  of  the  skull,  which  is  wanting  in  the  type 
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speoimen,  I  have  used  a  dotted  outline,  based  on  the  nearest  allied 
form.  Of  the  dermal  armour,  only  the  row  of  plates  best  known 
is  indicated.  The  position  chosen  in  this  Figure  (PL  II)  is  one 
that  would  be  assumed  by  the  animal  in  walking  on  all  four  feet, 
and  this  I  believe  to  have  been  its  natural  mode  of  progression. 

Hypsilophodon,     (Plate  III.) 

The  third  of  these  restorations,  that  of  Hypsilophodon  Foxii^ 
Huxley,  1870,  given  in  outline,  one-eighth  natural  size,  in  Plate  III, 
has  been  made  with  much  care,  partly  from  the  type  specimen  and 
in  part  from  other  material  mostly  now  in  the  British  Museum.  The 
figures  and  description  by  the  late  Dr.  Hulke  ^  were  of  special  value, 
although  my  own  conclusions  as  to  the  natural  position  of  the 
animal  when  alive  do  not  coincide  with  those  of  my  honoured 
friend,  who  did  so  much  to  make  this  genus  of  Dinosaurs,  and 
others,  known  to  Science.  The  restoration  by  Dr.  Hulke  is  shown 
in  the  subjoined  diagram  (Fig.  2). 


Fio.  2. — Restoration  of  Hypsilophodon  Foxxi^  Huxley.     One-tenth  natural 

(After  Hulke.)  ^ 

In  the  case  of  Hypsilophodon^  a  number  of  specimens  are  available 
instead  of  only  one.  This  makes  the  problem  of  restoration  in 
itself  a  simpler  matter  than  in  Scelidosaurus.  Moreover,  we  have 
in  America  a  closely  allied  form,  Laosaurus,  of  which  several  species 
are  known.  A  study  of  the  genus  Laosaurus,  and  the  restoratioa 
of  Hypsilophodon  given  on  Plate  III,  will  clear  up  several  points 
long  in  doubt 

Huxley  and  Hulke  both  shed  much  light  on  this  interei^ting 
genus,  Hypsilophodon ;  indeed,  on  many  of  the  Dinosauria.  Tte 
mystery  of  the  Dinosaurian  pelvis,  which  baffled  Cuvier,  Mantell» 
and  Owen,  was  mainly  solved  by  them — the  ilium  and  ischium  by 
Huxley,  and  the  pubis  by  Hulke.  The  more  perfect  American 
specimens  have  demonstrated  the  correctness  of  nearly  all  their 
conclusions. 

Iguanodon.     (Plate  IV.) 

The  fourth  restoration  here  given,  that  of  Iguanodon  BemisaartensiSt 
Boulenger,  1881,  one-fortieth  natural  size,  has  been  made  in  outline  for 
comparison  with  American  forms.    It  is  based  mainly  on  photographs 

^  Philosophical  Transactioua,  1882. 
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8ptll-known  Belp;ian  specimens,  the  originals  of  which  I  have 
foiith  considerabie  care  during  several  visits  to  Brussels.  The 
is  ms  and  figures  of  Dollo  *  have  been  used  in  the  preparation 
tliastoration.  A  few  changes  only  have  been  introduced  in 
azanpanying  Plate,  based  mainly  upon  a  study  of  the  original 

3. 

3  the  four  genera  here  represented,  no   other  European 

t:^^  at  present  known  are  sufficiently  well  preserved  to  admit 

1  ^te  restorations  of  the  skeleton.     This  is  true,  moreover,  of 

I^Baurian  remains  from  other  parts  of  the  world  outside  of 

/» ^nerica. 

2  ^ciit  a  comprehensive  view  of  the  Dinosaurs,  so  far  as  now 

^    have  prepared  a  plate,  here  shown,  which  gives  restora- 

£    the  twelve   best-known   types,  as   I  have  thus  far  been 

Reconstruct  them.     Of  these  twelve  forms,  eight  are  from 

1^    Anchisaurus,  a  small  carnivorous  type  from  the  Trias; 

,ru8,  CamptosauriiSf  Laosaurus,  and  Slegosaurus,  all  herbi- 

id  the  caniivorous  Ceratosaurus,  from  the  Jurassic;  with 

\8  and  Triceratops,  herbivores  from  the  Cretaceous.     These 

I  forms,  with  the  four  from  Europe  already  noticed,  complete 

.  represented  on  this  chart'  They  form  an  instructive  group 

;aarkable  reptiles  known  as  Dinosauria. 

aological  positions  of  Compsognathm  and  of  Scelidosaurus 

determined,  but  that  of  Hypsilophodon  and  Iguanodon  is  not 

The  latter  are  found  in  the  so-called  Wealden,  but  just 

Wealden  is  I  have  not  been  able  to  determine  from  the 

;s  I  have  consulted.     The  Cretaceous  age  of  these  deposits 

,to  be  taken  for  granted  here,  but  the  evidence  as  it  now 

ems  to  me  to  point  rather  to  the  Upper  Jurassic  as  their 

lion.     If  I  should  find  the  vertebrate  fossils  now  known 

.  r  Wealden  in  the  Rocky  Mountains,  where  I  have  oollected 

I'-responding  forms,  I  should  certainly  call  them  Jurassic, 

.  >  good  reason  for  so  doing.     Moreover,  after  visiting  typical 

^^  localities  here  and  on  the  Continent,  I  can  still  see  no 

^)r  doing  otherwise  so   far  as   the  vertebrate   fossils  are 

^1,  and  in  such  fresh-water  deposits  their  evidence  should 

^Ssive.     I  have  already  called  attention  to  this  question  of 

)f  the  Wealden,  and  do  so  again,  as  I  believe  it  worthy  of 

^reconsideration  by  English  geologists. 

J,  EXPLANATION  OF  PLATES   I-IV. 

I — Outline  restoration  of  the  skeleton  of  Cofnpsognathus  Imtgipei^  Wagner. 

One-fourth  natural  size.    Jurassic,  Bavaria, 
fi — Outline  restoration  of  the  skeleton  of  Seeltdosaunt*  Harritonii,  Owen. 
C         One-eighteenth  natural  size.    Jurassic,  England. 
— Outline  restoration  of  the  skeleton  of  Jli/pHlophodon  Foxii^  Iluxley. 

One-righth  natural  sizr.     Wnildon,  England. 
— Outline  n^storation   of    the  skeleton    of    Jguauodon   JitrninsarteHsiSf 
]         Boulenger.     One-fortieth  natural  size.     Wealden,  Belgium. 

O  Roynl  Museum  of  B»?lgium,  1882  1888. 
of  tliis  Chart  will  appear  in  the  next  Number  of  this  Magazine. — Edit. 
i. 
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Bpll-knoWj^j^  Spboibs  of  Etoblattjna,  with  Desosiption 

fonth  oonfl  -.^        ^ 

,--  »«o  ^T.A  0'  ^  New  Foam. 

18  tns  and 

th38toratio  By  Samubl  H.  Scvddbb. 

^  enience  of  students  a  first  essay  is  here  made  to 

le  European   species  of  Etohlattina,  the  genus  of 

3  the  f«i)t  numerously  represented  in  Carboniferous  times, 
n9  at  pretand  America.  All  the  species  described  up  to  the 
u.te  restoi!  introduced,  together  with  a  new  British  species, 
|jsaurian  ^hioh  is  added.  It  will  be  seen  that  Deichmiiller's 
gjierica.  egarded  by  him  as  a  form  of  E,  Jlahellata)  and 
^pent  a  oyadica  (regarded  by  him  as  another  form  of  the 
_  have  ^ered  distinct  species;  and  that  E,  Bollei,  Deichm., 
£j.the  twe  this  last  being  more  probably  a  Oerablaitina, 
^feconstrdw.,  is  also  omitted,  as  the  tegmina  are  undeveloped 
|g  ilnc^tssent  no  features  which  could  admit  it  into  the  table. 

:ru8,  Cbid,  Blattina  intermediay  Gold.,  formerly  described  by 
id  the  ittinaf  has  had  new  light  thrown  upon  it  by  ELliver, 

18  and  le  an  EtohlaHina,  and  it  is  accordingly  introduced 

I  forms, 

^arkabl^  ©/"^Atf  European  Species  of  Etohlattina. 

eologicakt  most  but  little  more  than  twice  as  long  as  broad ;  the  medias- 
determil^^  area  usually  broad  at  base,  here  generally  occupying  a  third 

mi      1  :  more  of  the  tegmina. 
Tii     ij         tapering  gradually,  and  relatively  long,  more,  often  much 
Weald ^ore,  than  tour  times  as  long  as  great««t  breadth. 
!>S  I  havender,  the  tegmina  distinctly  more  than  twice  as  long  as  broad. 
fQ  be  ta^^  divided  Detween  the  scapular  and  extemomedian  areas. 
r  .  \.  E,  Labachensit. 

ems  to  i^rgin  divided  between  the  extemomedian  and  intemomedian 

tion.      Iteas 2.  E.  intermedia. 

.  r  Wealdoad,  not  more  than  twice  as  long  as  broad,  the  immediate  apex 
il-gg-wj^^jccupied  by  the  extemomedian  branches. 

|4       ^       less  than  twice  as  long  as  broad;   mediastinal  area  reaching 
\  good^  ''.^i^rly  to  the  middle  of  the  distal  half  of  the  tegmina ;  extemo- 

localiti«iedian  vein  first  forking  not  before  the  middle  of  the  tegmina. 
®)r    doini  3.  E.  propria. 

0|    and  i  ^^^®  ^  ^^^^  ^  broad;   mediastinal  area  hardly  extending 
L  ' .  leyond  the  middle  of  the  tegmina ;    exti^raomedian  vein  first 

isive.      ^ranching  far  before  the  middle  of  the  tegmina. 
»f  the  \S  4.  E.  Deiehmulieri. 

^reconsid'^A  tapering  rapidly  and  relatively  short,  less,  often  much  less, 
I  ban  four  times  us  long  as  baj«al  breadth. 

£  an  area  long  and  numerously  branched,  falling  but  little  short 

] — Outlinef  the  apex  oi  the  tegmina. 

One-  angle  prominent,  the  tegmina  less  than  twice  as  long  as  broad. 
^. — Outline  6.  E.  Steinbachensit. 

c         One-  angle  roundly  excised,  the  tegmina  more  than  twice  as  long  as 

— Outlinaroad 6.  ^.  primttva. 

One-ian  area  relatively  short  and  with  few  branches,  falling  far 
— Outlinehort  of  the  apex  of  the  tegmina. 
]         Boulial  vein  with  fre(|U<'nt  linincht^h ;  8cn])ular  branches  few,  mostly 

Roval  Af^*^^^*^  dueply  (»r  coiiipuuud 7.  E.  JJeanefuis. 

^^^M|Lf|pal  vein  with  infre<iuent  branches ;   scapular  branches  numerous, 
^^^^^H||  postly  simple  or  only  apically  forked     .     .    .     S.  E.  lanceolata. 
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^.  TegmiDA  nlatiTely  riender,  rarely  less  than  two  and  a  half  times  as  long  as 

broad;  the  mediaatinal  area  usaally  rather  slender  and  ribbon- 
ihaped,  not  or  scarcely  broader  at  base  than  in  the  middle,  and 
rarely  occapying  mora  than  a  fourth  of  the  basal  width  of  the 
tegmma. 
h^.  TMmma  distinctly  less  than  three  times  as  lon^  as  broad. 
^.  filtemomedian  area  bng,  but  far  from  attaming  the  apex  of  the  tegmina, 
rarely  prolonged  by  distinct  sinuosity  of  the  main  yein.^ 
J>.  Mediastinal  area  extending  well  beyond  the  middle  of  the  tegmina. 
#^  Ext^nomedian  yein  first  branching  beyond  the  middle  of  the  tegmina. 

9.  E,  earbonaria, 
e^.  Extemomedian  yein  first  branching  fax  before  the  middle  of  tiie  tegmina. 
/t.  Tegmina  of  large  or  medium  siae,  well  rounded  at  apex ;  extemo- 
median area  expanded,  and  on  the  margin  as  important  as  the 
scapular. 
^*.  First  scapular  branch  arising  far  befora  the  sueoeeding,  near  the 
middle  of  the  basal  half  of  the  tegmina;  intemomedian  yein 

scarcely  sinuate 10.  E.  rustoma. 

g^.  First  scapular  branch  arising  but  little  before  the  middle  of  the 
tegmina  and  at  ordinary  distance  before  the  succeeding ;  intemo- 
median Tein  strongly  sinuate \\,  E.  dyadica. 

/*.  Tegmina  of  small  size,  subacuminate  at  apex ;  extemomediui  area 
compressed  and  on  margin  of  much  lees  importance  than  the 

scapular 12.  E.  parvnU. 

i^.  Mediastinal  area  scarcely,  if  at  all,  surpassing  the  middle  of  the  tegmina.' 
#^  Scapular  and  extemomedian  yeins  first  branching  at  nearly  the  same 
point.' 
/*.  Primary  ofishoots  of  the  extemomedian  vein  numerous. 

g^.  Course  of  the  extemo -intemomedian  interspace  gently  oblique, 

arcuate 13.  ^.  ManehaehenM. 

g^.  Course  of  the  extemo-intemomedian  interspace  strongly  oblique, 

sinuous 14.  ^.  ornatusima. 

f^.  Primary  ofEshoots  of  the  extemomedian  yein  only  two  or  three  in 

number \b,  E.  anthraeophila, 

^.  First  branching  of  the  extemomedian  yein  far  beyond  that  of  the 

scapular 16.  ^.  mantidioidei. 

e^,  Intemomedian  area  very  lonp,  nearly  reaching  the  apex,  or  reaching  the 
apical   margin,    often    prolonged    by  distinct  sinuosity  of   the 
main  yein. 
d}.  Mediastinal  area  extendini?  well  beyond  the  middle  of  the  tegmina. 
e^.  Scapular  vein  first  branching  far  beyond  the  middle  of  the  tegmina. 

17.  ^-  Johntoni, 
e*.  Scapular  vein  first  branching  before,  often  far  before,  the  middle  of  the 
tegmina. 
/^  All  tlie  intemomedian  branches  simple  or  simply  forked. 

ff^.  Scapular  vein  first  branching  at  some  distance  before  the  extemo- 
median   18.  -B.  Dohmii. 

g^.  Scapular  vein  first  branching  but  little  before  the  extemomedian. 
h^.  Mediastinal  and   scapular  branches    with    normal    obliquity ; 
intemomedian  branches  frequent,  with  normal  obliquity. 

19.  E.  didyma. 

A*.  Mwliastinal  and  scapular  branches  verj'  longitudinally  oblique ; 

intemomedian  branches  exceedingly  few  and  longitudinally  oblique. 

20.  E.  bituminosa. 
/'.  Some  apical  branches  of  the  intemomedian  vein  compound. 

21.  E.  anaglyptiea. 
d^.  Mediohtinal  area  hardly  reaching  the  middle  of  the  tegmina. 

'  This  is  only  conjectnral  in  E.  manfidioide*^  but  indicated  by  the  parts  preserved. 
'  Thin  is  conjertural,  but  piohable,  in  E.  vntatiitfima  by  the  brief  extent  of  the 
scapular  area. 
*  Conjectural  again,  but  probable,  with  E.  ornatlaima. 
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t  .  I^vts.oihLli  tr»A  ii  c  v-xH-i  !<*;ii»  Uc  ipcx  «<  tbc  tr^niaa,  with  ao 

f:  T*rw.s»  >*•  '.ua'Ku.  j-*r:  *riw  e<  i»«  ••i»  iemn«l«m™ dU- 
c^:*-t  ta-^ai.  k>i  u  ^sf  sizi  aMdi  nathiu  tte  aiddle  liu 
■:  ih;  i«=;m :    .    .    .     S4.  £.  -iliiu. 

/=.  T'7=z^i  £^-r^  ;li3  &?  E3t.  'ttf :  «««  cf  tbc  bud  KanilEr  trin 
wv-:*  -r  'I'EU  •nifii.  at  m  piHit  ttaAj  uuiaiBf  Uw  middla 

r.  T*^=i  •;:>i^'a:>«  •^au:  bilf  ippuntir:  tb>  odIt  (pMtnn  H 
^c  i-=  .  ;h.7  tntrs- «>eciia  iiia  vilh  nnlu-  offihoot*  fran  the 
s^iilt  ^  ;h*  kf^iiu -alvinl  .  .  ~  .  ^.  E.  taflfftie^. 
r\  l*r=l:A  uw:t£^  «■  u>i«nV'-T  iLr^o^on  tb«  £tta]  h>U,  wa  ex- 
«*r:  SHJiia  ;-r»=<:ie»  l  irwiiiz  f!.i«  (o  tbc  apn  fcim  two 
fU=« wLkb  oaiie  u  or  btln  ihc  middle  of  Ibr  mbimu 

te.  1.  ><««•(■. 
(^.  I=l«n->x«ii4-  ma  cw-^t  mcEdnz  tlw  mpii.  of  ihr  t^miu  bj  the  diiUl 

i=.  Eilrfc  ic-iia'Tt-i  £m  UtHhs  wf'J  Vior*  the  niddle  of  (he  kcMJu, 
ir-Ih  aiBT  bmuhes;  ibftal  poitita  of  aaal  «*■  with  Kimawm 
i-ixa<i.t»  ' J7.  f.  SfJiowH. 

d'.  Etteni'-aitiliAii  rtio  in*  forkiiL;  ai  hdu  £tuact  berond  thr  niddla 
of  ti.t  tr^miiu.  with  frw  bnnchei :  diftal  poitioB  of  the  imI 
uta  with  f«w  biuchts aa.  £.trMuifmu. 


Etoulattisa  Deancnbis,  ap.  nov.     (Figs.  1  and  2.) 

llio  fore  wit)g  )iaB  a  very  regular  elongate  oral  fomi,  tapering 

with  ooiutiderablo  regularity  beygnd  the  middle  third  of  the  tegmiua, 
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tlie  anal  area  by  its  falness  interfering  a  little  with  the  regnlarity ; 
it  it  a  little  more  than  two  and  a  quarter  times  as  long  as  broad ; 
the  ooatal  mai^gin  has  a  yery  regular  and  moderately  oonvex  ourve, 
while  the  inner  margin,  beyond  the  fuller  and  more  convex  anal 
area,  is  nearly  straight;  the  tip  is  imperfect  in  the  two  specimens 
known.     The   veins  originate  slightly  above  the  middle  of    the 
tegmina  and  at  first  all  curve  upward,  but  not  so  strongly  as  in 
£.  primtBva,  to  which  this  species  is  most  nearly  allied,  so  that  the 
extemomedian  vein  passes  more  nearly  through  the  middle  of  the 
tegmina.     The  mediastinal  vein  passes  in  a  scarcely  sinuous  course 
to  somewhat  beyond  the  middle  of  the  front  margin,  emitting  about 
half  a  dozen   nearly  straight  simple  or  deeply  forked   branches. 
The  scapular  vein  is  broadly  and  gently  sinuous,  extending  to  the 
apical  margin  a  very  little  above  the  apex,  begins  to  fork  before 
the  middle  of  the  proximal   half  of  the   tegmina,  and  has   four 
rabequidistant  branches,  of  which  the  first  is  compound,  the  others 
forked  or  simple.    The  extemomedian  vein  first  forks  near  the 
middle  of  the  tegmina,  where  it  divides  into  two  very  similar,  weakly 
arborescent,  longitudinal  stems  carrying  about  ten  or  a  dozen  vein- 
lets  to  the  apical,  and  to  the  outer  portion  of  the  inner,  margin. 
The  intemoraedian  vein  is  very  regularly  and  rather  gently  arcuate, 
except  for  a  slight  apical  sinuosity  which  carries  it  nearly  to  the 
apical  sixth  of   the  tegmina,  and  has  about  five  nearly  straight 
branches,  some  of  the  basal  ones  simply  or  doubly  forked.     The 
anal  furrow  is  not  very  deeply  impressed,  very  regularly  but  not 
very  strongly  arcuate,  and  ends  at  about  the  middle  of  the  tegmina. 
The  anal  veins  c<m8ist  of  two  sets,  rather  widely  separated  at  the 
base,  the  inner  set  consisting  of  a  several-branched  main  stem  sub- 
parallel  to  the  anal  furrow,  the  outer  of  four  or  five  simjply  or 
doubly  forked,   approximated,    slightly   divergent   nervules,   more 
nearly  longitudinal  than  the  other  set. 

The  two  specimens  known,  one  with  its  reverse,  are  coal  black : 
one  (Fig.  1)  with  its  reverse  is  nearly  perfect,  having  lost  only  the 
shoulder  and  the  apical  margin  ;  the  other  (Fig.  2)  consists  of  two 
tegmina,  of  one  of  which  only  the  base  and  the  anal  area  is  preserved, 
and  which  lies  partially  concealing  the  reversed  face  of  the  other, 
of  which  the  basal  portion  and  considerable  of  the  apex  is  lost. 
Excepting  in  the  anal  and  internomedian  areas  the  veins  are  pro- 
ooimced,  being  deeply  incised ;  in  the  internomedian  area  they  are 
very  delicate.     Towards  the  apex  of  the  tegmina  an  exceedingly 
delicate  reticulation  can  be  detected  in  the  interspaces,  which  gives 
way  in  the  centre  of  the  tegmina  to  a  very  close  series  of  dulled 
cross  lines,  and  become  in  the  scapular  area  parallel  to  the  nearer 
margin. 
Length  of  the  tegmina,  38  mm. ;  breadth,  13*25  mm. 
The  two  specimens  differ  from  each  other  in  hardly  anything  but 
the  simplicity  or  complexity  of  the  several  branches  of  the  main 
veins,  particularly  in  the  upper  stem  of  the  extemomedian  vein 
and   the  principal   branches  of  the   internomedian  vein.     In   one, 
however,  the  costal  margin  appears  to  be  distinctly  more  arcuate 
than  in  the  other. 
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The  speoies  is  plainly  most  nearly  allied  to  E,  primava 
which  it  differs  in  its  more  elongate  form,  apical  taperio 
lack  of  an  extreme  basal  branch  of  the  scapular  vein,  the  far  j 
importance  though  later  branching  of  the  ezternomedian  v< 
narrower  and  shorter  internomedian  area  and  its  simpler 
branching,  the  more  regular  curve  of  the  anal  furrow,  the 
system  of  anal  veins,  and  the  lower  course  of  all  the  mail 
through  the  middle  area  of  the  tegmina. 

The  specimen  with  reverse  comes  from  Foxe*s  bridge, 
Forest  of  Dean,  Gloucester,  England.     The  other  was  collec 
F.  Stock  at  Crump  meadow,  in  the  Forest  of  Dean.     Both  are 
collection  of  Mr.  K.  D.  Lacoe,  in  which  they  bear  the  No.  213^ 

A  List  of  the  Described  European  Paljsozoio  Cookho> 

The  species  in  this  list  are  arranged  alphabetically  und< 
genus,  but  the  genera  are  in   a  natural   order.     Several  < 
because  too  imperfectly  known,  are  not  mentionde,  as  they 
be    placed.      Such   are    Blattina    ligniperda,    Eusta,    from 
Bohemia;  B.  neuropteroides,  Gopp.,  and  B,  rarinervtB,  Gopp 
an  unnamed  locality ;  B,  Tischheini,  Gold.,  from  Hirschbach,  Ge 
and    B,    venosa.    Gold.,    from   Wemmetsweiler,    Rhenish    1 
Etoblattina   Peachii,   Woodw.,    from    Eilmaurs,    Scotland, 
omitted,  as  the  undeveloped  tegmina  hardly  allow  it  to  be  de 
placed. 

EtobUUtina  affinit  (Gold.),  Lobejiin  and  Wettin,  Saxony. 
,,        atiaglyptica  (Germ.),  Wettin,  Saxony. 
,,         hituminosa  (KuHta),'  Lubn&,  Bohemia. 

carbonaria  (Genn.),  Wettin,  Saxony. 

Deanenns,  Scudd.,  Forest  of  Bean,  Gloncester,  Englanc 

BeickmuUeri  (G^inJ,*  Weissig,  Saxony. 

didyma  (Germ.),  Wettin,  Saxony  ;  Manebach,  Saxo  We 

Lokmiiy  Scudd.,  Wettin,  Saxony. 

dyadica  (Gein.),'  Weissig,  Saxony. 
„  elongata  (Gein.),  Weissig,  Saxony. 
„        euglyptica  (Germ.),  Wettin,  Saxony. 

Jlabellata  (Germ.),  Wettin  and  Weissiff,  Saxony. 

intermedia  {Gto\di.)y  Wemmetsweiler,  Khenish  Prussia. 

Johnsoni,  Woodw.,  Dudley,  England. 

Labaehentit  (Gold.),  Labach,  Bnenish  Prussia. 

lanceolata  (Sterz.),  Lugau,  Saxony. 

leptophlebica  (Gold.),  Lobejiin,  Saxony. 

Manebachemis  (Gold.),  Manebach,  Saxe  Weimar. 

mantidioide*  (Gold.),  Durham,  England. 

omatiisima^  Beichm.,  Griigelbom,  Rhenish  Prussia. 

parvula  (Gold.),  Lobeiiin,  Saxony. 

primava  (Gold.),  Saarohicken,  Rhenish  Prussia. 

propria,  EliTer,  Saarbriicken,  Rhenish  Prussia. 

ruBtoma  (Gold.),  Lobeiiin,  Saxony. 

SteiubachensiSf  Kliv.,  Steinbachthal,  Rhenish  Prussia. 

Stehneri  (Deichm.),*  Weissig,  Saxony. 

TFeissiyensis  (Gein.),  Weissig,  Saxony. 
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>  Blattina  (Etoblattina)  bituminota,  Kusta. 
•  Blattina  {Etoblattina)  earbotiaria,  var.  LeichmuUeii,  Gein. 
3  Blattina  {Etoblattina)  Jlabellata^  var.  dyadica,  Gein. 
Etoblattina  Jlabellata,  var.  Stelzneri,  Deichm. 
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Gfntilmttma  elathrata  (Heer),  Manebach,  Saxe  Weimar. 

,,         Oeinitzi  (Gold.),  Lobejiin,  Saxony. 

„         Oermari  (Gieb.),  Wetfin,  Saxony. 

y,         Goldenbergi  (Mabr),  Manebacb,  Saxe  Weimar. 

,,         Mahri  (Gold.),  Manebacb,  Saxe  Weimar. 

„         Mufuieri,  Scadd.,  Wettin,  Saxony. 

„        productUy  Scudd.,  Wettin,  Saxony. 

„         robusta^  Kliv.,  Wemmetsweiler,  Kbenisb  Prussia. 

,,         RolUi  (Deicbm.),^  Griigelborn,  Rhenish  Prussia. 

,,         tcaberata  (Gold.),  Altenwald,  Rhenish  Prussia. 

,,  Weissiana  (Gola/),  Briicken,  Rhenish  Bavaria. 

Anthrtuoblattina  cameratUy  aUv.,  Dudweiler,  Rhenish  Prussia. 

,,         IhresdmsU  (Gein.-Deichm.),  Klein  Opitz,  Saxony. 

,,         ineertay  Kliv.,  Dudweiler,  Rhenish  P'russia. 

,,         Zubnenait  (Kuata),*  Lubn&,  Bohemia. 

„         porreeta  (Gein.),  Weissig,  Saxony. 

„         Etmigii  (Bohm),  Cusel,  Rhenish  Bararia. 

,,         Ruekerii  (Gold.),  Stockheim,  Bavaria. 

,,         Scudderiy  Gold.,  Wemmetsweiler,  Rhenish  Prussia. 

,,         topita,  Scndd.,  Weissig,  Saxony. 

„         ipeetabilis  (Gold.),  Weissig P  and  Lobejiin,  Saxony. 

„  Wagneriy  Kliv.,  Lobejiin,  Saxony. 

,,         WinUriana  (Gold.),  Dudweiler,  Rhenish  Prussia. 
Enmatohlattina  Kirkbyi  (Woodw.),  Fifeshire,  Scotland. 

,,         Laba^henais  (Gold.),  Labach,  Rhenish  Prussia. 

„         WemmetawfiUrienttis  (Gold.),  Wemmetsweiler,  Rhenish  Prussia. 
Pi-offonoblattina  Fritaehii  (Heer),  Manebach,  Saxe  Weimar. 

,,  Helvetica  (Ileer),  Erbignon,  Switzerland. 

Oryetoblattina  Arndti^  Kusta,  Tfemosn&,  Bohemia. 

,,         oblcngay  Deichm.,  Weissig,  Saxony. 

,,         reticulata  (Germ.),  Wettin,  Saxony. 
Fetrablattina  gracilis  (Gold.),  Labach,  Rhenish  Prussia. 
Leptoblattina  exilis,  Woodw.,  Dudley,  England. 


insignia  (Gold.),  Dudweiler,  Rhenish  Prussia. 


III. — On  Perlitio  Structure. 
By    W.    W.    Watts,    M.A.,    F.G.S. 

I  HAVE  received  from  my  friend  Mr.  W.  F.  Sraeeth  a  paper 
entitled  **  A  Perlitic  Pitchstone  from  the  Tweed  Kiver,  New 
South  Wales,  with  remarks  on  the  so-called  Perlitio  Structure  in 
Quartz,"  published  b}'  the  Royal  Society  of  New  South  Wales. 
While  thanking  him  for  his  courtesy  in  making  me  acquainted  with 
bis  views,  I  desire  at  the  same  time  to  express  my  sense  of  the 
kindly  way  in  which  he  has  criticized,  though  often  adversely, 
certain  statements  already  published  by  me.'  It  may  be  of  interest 
to  give  to  the  readers  of  the  Geological  Magazine  an  abstract  of 
the  excellent  piece  of  work  which  Mr.  Smeeth  has  done,  as  well  as 
to  draw  attention  to  the  points  in  which  he  has  compelled  me  to 
agree  with  him  and  to  remark  on  those  on  which  there  is  still  some 
difference  of  opinion  between  us. 

The  glassy  matrix  of  the  rock,  which  is  admirably  perlitic,  con- 
tains phenocrysts  of  quartz,  sanidine,  albite,  and  hypersthene.  The 
last  mineral  is  in  small  distinct  grains  of  prismatic  habit,  which 

*  JEfoblatfina  Rollciy  Deichm. 

'  Blattina  {Anthracoblattina)  ZubnemtiSy  Kusta. 

»  Quart.  Journ.  Geol.  Sou.  vol.  l  (1«94),  pp.  367-76. 
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oontain  inolusions  of  magnetite,  ziroon,  and  apatite,  but  none  of  the 
metallio-looking  plates  which  are  so  common  in  this  mineral;  the 
magnetite  grains,  which  occur  at  times  in  the  glass  of  the  rock  and 
at  times  partly  in  the  hypersthene  and  partly  in  the  glass,  Mr.  Smeeth 
regards  as  derived  from  the  hypersthene  by  solution.  The  presence 
of  this  mineral  in  so  acid  a  rock,  one  which  contains  75*5  per  cent, 
of  silica,  is  a  remarkable  feature.  The  bulk  analysis  shows  that 
more  than  twice  as  much  potash  as  soda  is  present,  but  the  analysis 
of  the  matrix,  after  removal  of  the  phenocrysts,  proves  that  most  of 
the  latter  oxide  is  in  the  glass,  of  the  former  in  the  porphyritio 
crystals.  1*3  per  cent,  of  soda  will  be  in  the  sanidine,  and  1*9  of 
lime  in  the  albite.  The  albite  occurs  in  the  glass  as  straight  and 
forked  microlites,  the  other  constituents  in  the  glass  being  crystal- 
lites, mainly  in  the  form  of  a  central  axis  with  two,  three,  or  four 
rows  of  globulites  arranged  along  it. 

The  quartz  crystals  are  traversed  by  curved  cracks,  so  like  those 
described  by  myself  as  perlitic  that  the  author  regards  them  as 
identical,  and  it  seems  to  me  quite  rightly.  He  remarks,  however, 
that  <'if  'perlitic'  simply  implies  that  a  crack  is  curved  and  may 
reasonably  be  inferred  to  be  due  to  contraction  on  cooling,  then  the 
majority  of  these  cracks  are  undoubtedly  perlitic,"  but  adds  later 
that  he  hopes  to  show  <'  that  typical  perlitic  cracks  present  well- 
marked  ohareicteristic  features,  which  give  them  the  right  to  be 
considered  as  forming  a  distinct  and  definite  rock>struoture,  and 
which  features  are  markedly  different  to  those  exhibited  by  the 
cracks  in  the  quartz." 

Mr.  Smeeth  then  gives  in  some  detail  the  method  of  producing 
artificial  perlites  in  balsam,  and  insists  on  the  necessity  of  using 
a  ground  glass  surface  in  order  to  produce  the  cracks  in  perfection. 
On  watching  the  process  under  the  microscope,  when  it  is  allowed 
to  take  place  slowly,  a  set  of  polygonal  cracks  is  seen  to  make  its 
appearance  first,  "  and  then  each  individual  perlite  springs  suddenly 
into  existence,  producing  the  impression  of  a  tremor  in  the  little 
mass  of  balsam.  The  higher  the  balsam  is  heated  and  the  more 
quickly  it  is  cooled  the  smaller  is  the  interval  of  time  between  the 
two  sets  of  cracks,  until  it  becomes  imperceptible  to  the  eye."  It 
appears,  though  this  is  not  clearly  stated,  that  the  crack  begins  at 
the  exterior  and  travels  to  the  interior,  an  important  point  being 
that  the  crack  always  tends  to  be  a  spiral.  Artificial  perlites  being 
produced  on  the  flat,  Mr.  Smeeth  next  inquires  into  the  nature  oi 
the  crack-surface  in  the  solid,  and  shows  that  the  lines  revealed  by 
thin  sections  are  either  spimls  or  closed  curves  resembling  oirclefl 
touching  one  another  tangentially.  From  this  he  infers  that  as  a 
coiled  plane  cannot  possibly  be  such  that  all  its  sections  shall  be 
spirals,  the  simplest  case  will  be  where  the  plane  is  coiled  about  a 
stationary  axis,  and  this  case  will  become  more  complex  when  the 
axis  shifts  in  the  course  of  the  growth  of  the  perlite.  From  what 
will  shortly  be  said  it  will  be  seen  that  sections  of  perlites  conform 
to  a  great  extent  to  these  ideals,  and  Mr.  Smeeth's  illustrations  give 
admirable  examples. 
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As  perlitio  atraotnre  is  by  no  means  of  constant  occurrence,  even 
in  glassy  magmas,  the  author  seeks  the  reason  frotn  analogy  with 
btlwm  and  finds  it  in  the  friction  due  to  the  cooled  surface ; 
"doobtless  these  only  occur  where  there  are  some  particular  re- 
kioDi  between  the  strain  and  the  viscosity,  or  brittleness,  of  the 
mediam." 

Taming  now  to  the  *  perlitic  cracks '  in  the  quartz,  these  differ- 
enoes  are  noticeable :  "  First,  they  do  not  lie  in  the  meshes  of  a  set 
of  polygonal  cracks,  but  on  the  contrary  are  often  seen  to  be  con- 
tinoons  with  some  of  the  polygonal  cracks  of  the  matrix.     Second, 
instead  of  being  segmental  or  touching  each  other  tangentially  they 
ire  almost  invariably  closed   by  abutting  abruptly   against  each 
other."    On  the  other  hand,  <*  perhaps  the  most  obvious  characteristic 
is  that  the  cnrves  constituting  a  (matrix)  perlite  never  meet  other- 
wise than  tangentially,  while  another  striking  feature  is  the  fact  that 
the  carves  are  so  frequently  segmental,  the  crack  ending  abruptly 
in  the  medium,  and  even  curving  round  so  as  to  run  parallel  with 
an  adjacent  crack  instead  of  splitting  into  it"    Mr.  Smeeth  therefore 
endeavours  to  imitate  quartz  cracks  and  succeeds  very  satisfactorily 
by  cementing  on  the  ground  glass  round  slips  of  cover-glass  and 
pooling  balsam  on  both  the  smooth  and  rough  glass.     Then,  on 
heating  and  cooling  in  the  usual  way,  it  is  found  that  the  cracks 
OTer  the  smooth  glass  are  quite  distinct  from  those  over  the  ground 
glass,  and  the  former  present  a  very  strong  likeness  to  those  seen  in 
qnartz.     Anyone  who  compares  the  figure  of  this  structure  given  by 
Mr.  SmeetU  on  plate  xlv  of  his  paper  with  figure  2,  p.  371,  and 
£gare  1,  plate  xviii  of  mine,^  will  be  struck  with  the  obvious  points  of 
resemblance  between  the  cracks  in  quartz  and  those  in  the  balsam. 
Unfortimately  the  balsam  figure  is  not  quite  sufficiently  distinct  to 
institute  a  very  minute  comparison,  and  we  cannot  be  sure  that  the 
cracks  pass  outward  from  the  balsam  over  the  smooth  to  that  over 
the  rough   glass  ;  apparently   they   do   not.      Again,  none   of  the 
characteristic  ground-glass  cracks  penetrate  into  the  rest      These 
feature*  are  both  very  marked  in  the  rhyolite  of  'J'ardree.     I  am, 
however,  truly  glad  that  Mr.  Smeeth  has  shown  that  there  is  strong 
ground  for  believing  that  both  types  of  cracks  are  due  to  shrinkage 
on  cooling,  and  that  they  are  the  result  of  a  single  continuous  pro- 
cess acting  on  the  same  type  of  material  imder  sliglitly  altered 
circumstances,  though  he  does  not  seem  to  have  followed  this  idea 
to  its  logical   issue  by  indicating  that  these  aberrant  cracks  will 
indubitably  be  produced  at  times  in  pure  glass,  and  that  such  cracks 
in  glass  have  often  been  referred  to  as  perlitic.     In  conclusion  the 
antbor  points  out  that  certain  of  the  cracks  described  by  me  as 
occurring  round,  and  often  cutting,  quartz  grains  are  probably  the 
Ksult  of  shrinkage  of  the  quartz  alone,  and,  while  cracks  are  likely 
to  be  produced  in  a  homogeneous  substance  like  quartz,  he  regards 
it  as  very  unlikely  that  anything  even  so  far  approaching  perlitic 
rtrncture  could    ever    be    produced    in   a   heterogeneous    lithoidal 
ground-mass. 

*  Op.  eil.j  pp.  367-70. 
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I  mnet  tnke  this  early  opportunity  of  atatinf;  tbat  the  tHiiea  from 
Tnnlree  wliicli  I  bave  pxamined  do  not  exhibit  anything  like  the 
perfection  of  perlitio  strnoture  Been  in  the  well-known  examples 
from  Meiesen,  from  Mexico,  or  even  in  the  instances  described  by 
Mr.  Smeeth.  and  it  niny  at  once  clear  the  issue  if  I  plead  (guilty  to 
nut  having  used  the  term  perlite  in  the  restriuted  sense  favoured  by 
this  observer ;  my  nse  of  the  term  will  be  made  plain  shortly, 

Tlie  main  point  that  I  had  before  me  in  writiiif;  my  paper  vu 
tbie:  to  show  that  the  fact  that  the  malrioes  of  many  lilhoidol 
felxites  showed  a  rode  perlirio  structnre  was  not  in  itself  absolute 
and  sufficient  proof  that  the  rocks  had  necessarily  once  been  g\tu»j  in 


Section  of  Perlitic  rnck  from  Jsli 


textnre.  I  hoped  that  I  had  proved  the  following  points  :  (1)  That 
curved  cracks  as  perfect  as  those  found  in  felsites  oocur  in  i|iiartB 
and  olivine.  (2)  That  these  and  other  curved  cracks  pass  from  one 
class  of  mstei'ial  to  another,  in  this  instance  from  quartz  to  glass 
and  vice  vena,  with  very  slisjht  deviation  in  direction.  (3)  That 
all  the  types  of  cracks  which  make  up  what  1  might  call  the 
'  perlitio  system '  of  the  particular  glass  in  question  were  to  be 
recognized  in  the  quartz  and  in  most  cases  passing  from  glass 
to  quartz. 

The  first  point,  I  take  it,  would  not  be  disputed  by  Mr.  Smeetb. 
although  he  remarks,  and  quite  correctly,  that  a  careful  study  would 
discrimiuate  between  the  types  of  curves  characteristic  of  quarts 
ftnd  those  spiml  ones  formed  when  the  etruclure  is  most  favourably 
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ereloped  in  ^lass.  I  may  here  state  that,  in  a  private  letter  to  myself 
entjust  after  the  publication  of.  my  paper,  Mr.  F.  Riitley  called  my 
itteDtion  to  this  difference,  insisting  on  the  fact  that  whilst  the 
wrecks  tonched  one  another  tangentially  or  at  a  low  angle  in  glass, 
0  qnartz  the  angle  was  always  a  higher  one.  He  kindly  sent  me 
ib^ntiful  perlitio  rock  from  Jalisco,  in  Mexico,  which  illustrates  this 
idmirably,  and  the  annexed  process-block,  prepared  from  a  photo- 
graph I  took  of  the  slide,  will  show  the  feature  sufficiently  well. 
However,  it  also  draws  attention  to  the  fact  that  Mr.  Rutlev's 
description  is  a  little  more  accurate,  for  this  particular  instance, 
than  Mr.  Smeeth's,  for  many  of  the  circumferential  cracks  do 
anattomose  with  one  another  in  a  way  that  cannot  be  explained 
by  the  tangential  touching  of  excentric  circles.  Indeed,  so  far  as 
my  experience  goes,  the  cracks  in  glass  rarely  or  never  reach 
the  high  perfection  of  those  in  balsam. 

With  regard  to  the  second  point,  so  far  as  I  am  able  to  judge 
from  bis  figure  (loc.  eit.,  pi.  xlv,  fig.  4),  I  do  not  observe  that  there 
is  mnch  tendency  in  the  artificial  production  of  '  quartz  perlites ' 
for  the  cracks  characteristic  of  one  type  of  material  (or  method  of 
prodnction)  to  invade  the  neighbouring  material. 

In  describing  the  Tardree  rhy elite  I  used  the  term  perlitio  struc- 
tore  in  a  rather  wide  way  to  include  the  whole  system  of  contraction 
cracks  which  are  linked  up  by  a  common  mode  of  origin.  The 
following  types  of  fissure  were  recognized  :  (a)  polygonal  cracks ; 
{h)  curved  cracks  ;  (c)  radial  cracks  running  approximately  per- 
pendicular to  the  polygonal  fissures;  to  these  1  would  now  add 
M)  other  radials  joining  one  or  two  curved  cracks  with  each  other. 
Karely  only  one  of  these  types  is  present  at  a  particular  point  of 
a  slide,  usually  two  or  three,  and  occasionally  all  four  types  are 
present  in  one  matrix  perlite. 

Taking  these  types  in  order  and  referring  to  the  figures  and  plate 
given  with  my  paper,*  it  will  be  seen  that  type  (a)  is  present  in  quartz 
and  matrix,  type  (c)  in  the  latter  and  sometimes  in  the  former  (pi. 
xviii.fig.  3),  and  type  (6)  is  ill  developed  in  the  matrix  and  absent  from 
the  quartz.  Fig.  5  on  the  same  plate  gives  a  matrix  perlite  with 
carved  (spherical  or  spiralloid)  cracks  (6)  and  radials  (d)  enclosed 
m  a  network  of  polygonal  cracks  (a)  ;  all  three  of  these  types  of 
fissure  traverse  the  quartz,  two  of  them  at  least  passing  in  from  the 
ttJatrix.  Guided  by  the  example  of  the  balsam  one  would  suppose 
that  the  polygonal  cracks  were  the  oldest  and  practically  simul- 
taneous in  both  constituents  ;  the  curved  ones  would  follow,  and, 
beginning  in  the  glass,  would  cross  the  quartz  and  finish  off  in 
f}f^.  In  this  case  the  whole  system  seems  to  be  bound  up  in  the 
two  constituents. 

fig.  6,  pi.  xviii  is  a  case  in  which  the  polygon  enclosing 
a  I>erlite  is  completed  in  quartz,  and  two  radials  at  least  of  type  (c) 
J'pring  from  that  part  of  the  crack  which  crosses  the  quartz.  Again, 
|f  we  a<rree  with  Mr.  Smeeth  that  in  such  examples  as  those  figured 
^Q  figs.  3,  5,  and  6,  p.  370,  and  in  pi.  xviii,  figs.  1  and  2,  the  cracks 

*  Op.  cit.j  p.  371  and  pi.  xviii. 
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are  due  to  the  contraction  of  the  qnartz  and  the  direct  strain  thus 
brought  to  bear  on  the  surrounding. glass,  we  cannot  but  notice  that 
these  cracks  undergo  no  change  in  direction  or  character  when 
traced  into  the  glass.  So  much  is  this  the  case  that  I  think  it 
would  be  very  difficult  for  anybody  to  tell  from  the  plate,  the 
drawing,  or  the  photograph,  even  indeed  from  the  examination  of 
the  slide  itself  except  in  polarized  light,  where  the  quartz  ends  and 
the  glass  liegins,  so  exactly  alike  are  the  cracks  in  the  two  sub- 
stances ;  for  this  reason  a  small  drawing  (fig.  la)  was  added  to 
plat^  xviii. 

There  seems  to  me  to  be  no  reason  why  the  two  types  of  curved 
cracks  which  mainly  characterize  the  quartz  and  matrix  respectively 
should  not  be  regarded  as  distinct,  and  even  receive  separate  names ; 
but  it  will  have  to  be  borne  in  mind  that  the  quartz  types  can  be 
artificially  produced  in  structureless  balsam,  that  they  extend  from 
quartz  to  matrix,  and  that  they  must  undoubtedly  occur  inde- 
pendently in  glass  ;  and  also  that,  on  the  other  hand,  the  perlites  of 
the  type  more  characteristic  of  glass  are  often  completed  in  quartz 
with  little  or  no  change  in  character.  The  main  fact  still  remains 
untouched,  that  rectilinear  and  spherical  contraction  cracks  indi£fer- 
ently  traverse  two  distinct  constituents  of  the  rock,  and  that  the 
*  little  rift '  is  not  solely  the  fault  of  either  of  the  '  contracting 
parties.* 

IV. — The  Copper  Deposits  of  Michigan.* 

By  M.  E.  Wadswokth,  Ph.D., 
Director  of  the  Michigan  Mining  School. 

IN  looking  at  the  map  of  the  Great  Lake  region,  you  have  all 
noticed  the  backward  bending  thumb  of  Michigan  projecting 
into  the  icy  waters  of  Lake  Superior ;  yet  but  few  of  you,  perhaps, 
have  realized  that  extending  along  that  thumb  there  runs  a  band 
or  ring  of  native  copper.  It  does  not,  like  most  gold  or  silver  bands, 
extend  around  the  finger,  but  along  it — from  the  base  of  the  hand  to 
the  end  of  the  thumb---this  central  band  lies  embedded  in  the  flesh 
binding  all  together.  Shall  we  now  dissect  it,  laying  bare  its  flesh, 
muscle,  and  bone,  and  try  to  explain  its  marvellous  organization  ? 

To  do  this,  it  will  be  necessary  to  drop  much  of  our  simile  and  to 
make  as  clear'  as  possible  the  geological  structure  of  the  district  in 
question.  Eoughly,  its  central  portion,  extending  from  the  south- 
west to  the  north-east,  may  be  said  to  be  mad^  up  of  an  elevated 
plateau,  bearing  upon  its  wrinkled  surface  protuberances  or  hills — 
locally  called  mountains — like  warts  upon  a  finger.  Flanking  both 
sides  of  this  higher  land  lie  lower  lands  extending  down  to  the  level 
of  the  lake.  This  lower  level  is  formed  of  hardened  beach  muds, 
sand,  and  shingle,  laid  down  on  the  shores  of  a  tide- washed  sea« 
We  find  in  it  the  ripple  marks  made  by  the  waves,  the  mud  cracks 
formed  when  exposed  to  the  drying  sun,  and  the  prints  of  the  soft 

1  Read   at   the   Annual   Conrcntion    of   the    Michigan    Bankers'   Association, 
September  12,  1895. 
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[ndropa  that  fell,  at  ebb»  upon  the  gently  sloping  beaoh.  This 
rmation  is  known  to  yon  all  through  its  affording  the  beautifol 
}rtage  Entry  or  red  sandstone  (Devonian),  so  much  used  now  in 
lUding.  It  is,  however,  with  the  central  higher  or  plateau  region 
At  we  have  the  most  to  do  with  at  present 

You  are  all  familiar  with  the  descriptions  or  with  the  sight  of  the 
iva  beds  of  Vesuvius,  or  of  Etna,  or  on  Iceland,  or  on  the  Sandwich 
(lands.  YoQ  know  how  the  lava  flows  onward  towards  the  sea, 
Dw  rolling  with  a  rough,  ropy,  dinkery  surface  ;  and  now  gliding 
1th  a  comparatively  smooth  one.  This  Lake  Superior  plateau  is 
)mpo8ed  of  a  series  of  lava-flows  like  those  of  Kileaua,  generally 
nooth  but  sometimes  clinkery.  Let  us  imagine  a  large  sheet  of  ice 
itending  over  a  lake — when  from  some  cause  a  long  fissure  rends 
;  open  on  one  side,  and  the  water  wells  up  through  the  sheet  and 
verflows  the  ioy  expanse.  This  overflow  oongeals ;  the  ice  is  again 
Bot  in  twain ;  a  new  overflow  takes  place,  and  so  on  until  the  ice 
ontinually  sinking  is  piled  up  in  successive  thicknesses,  hundreds 
ir  thousands  of  feet. 

Let  us  now  more  exactly  explain  what  has  taken  place  in  Northern 
iliohigan.  The  present  promontory  of  Keweenaw  Point  once  formed 
h»  gently  sloping  tide- washed  shores  of  a  sea.  Over  this  shore 
[nared  the  vast  floods  of  lava,  the  same  kind  as  now  flows  out  from 
Btna,  Kileaua,  and  the  majority  of  active  volcanoes  of  the  present 
day.  These  flows,  like  those  of  Kileaua,  were  apparently  quiet,  and 
not  explosive  like  those  of  Vesuvius  and  Etna.  At  the  time  of  the 
OQtpouring  of  these  vast  floods  of  lava,  the  shores  were  gradually 
sinking  so  that  the  congealed  rock  was  exposed  to  the  action  of  the 
sea*  waves. 

You  all  know  of  the  effect  of  the  storm-dashed  waves  upon 
» rock-ribbed  coast — how  the  rock  is  torn  down  and  worn  away, 
uid  then  piled  up  along  the  shores  as  a  resulting  mud,  sand,  gravel, 
uul  shingle.  In  like  manner  our  lava-flows,  along  the  shores  of 
th&t  great  northern  sea,  where  Lake  Superior  now  is,  were  subject 
to  the  alternate  tide  and  storm- waves,  and  to  the  action  of  sun, 
nin,  wind,  and  frost.  The  result  of  all  this  must  have  been  that 
tbe  exposed  portions  of  these  flows  were  buried  under  their  own 
^(ihm,  mingled  with  that  of  associated  rocks.  Besides  the  lava- 
flows  before  mentioned  we  find  other  flows  and  masses,  similar 
in  chemical  composition  to  our  granites,  which,  being  much  harder 
And  more  enduring  than  the  basaltic  lavas,  make  up  by  far  the 
larger  portion  of  the  debris  now  visible. 

This  region,  then,  is  composed  of  a  series  of  interbedded  basaltic 
kra-flows,  with  their  associated  shingle,  sand,  and  mud  now  forming 
Conglomerates,  sandstones,  and  shales. 

In  order  to  show  more  clearly  what  has  happened  since,  let  us 
^e  a  new  metaphor,  and  look  upon  all  these  layers  as  forming 
A  sort  of  marbled  cake.  Now  let  this  cake  be  cut  lengthwise 
Along  one  side  of  the  thumb-like  mass,  the  cut  extending  north-east 
And  soQth-west,  nearer  to  the  south-eastern  side.  Consider  that 
^  north-western  part  has  been  lifted  up  at  a  varying  angle  from 
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Z-y  :•:  *?•>",  ir>i  »Lb:  c^  hS'rvs  by  fiarares  nnmin^  north-west  to 
f>:~:b.-ejd:.  &r  i  j i'^  i.\t±  i,  fkir  iSe«  of  what  has  happened. 

I:  :?  Well  CI. :  w^  iL*:  ia.  ill  rr«>:'tt«  where  Tolcanic  forces  have 
l«r*n  ac::t*.  :La:  w*:>rc.  :-*se  fr-raw  die  oau  hot-water  action  is 
•:i.r  :f  :b»  Ii«  ri*ilt«u  :i*  wizers  sTm<iiially  growing  cooler  until 
tLrv  are  i:  :*-»  E.':r=ifcl  te-ni^frmiar*,  so  that  in  time  there  is  no 
eviienc^  :f  :be  f.r^rr  L:^  tcaie  except  thai  shown  by  its  results 
on  :Le  nx^k^^ 

la  iLe  Lak«  Ssreri.-^r  -iisrict  the  water  action — ^mostly  hot, 
K'niTtiiiir^  ccli — wu  str^s^ly  n^arked  during  the  fissuring  and 
m  venirnt,  or.  as  i:  is  t<cC£.L.i<?aIIy  temMd,  "'  faulting"  of  the  rocks, 
as  well  as  f.^r  a  l.^s^  time  sabseijTienily.  During  the  time  of  this 
witer  Ao::on  all  the  rocka.  witb'.^at  exception,  were  penetrated  by 
these  penvlatins  waters^  much  of  their  materials  dissolved  out, 
or  chemically  re-amn^i.  or  r^m-^ved  and  replaced  by  otliei 
elements.  Ic  was  then  tha:  the  native  copper  now  found  in  the 
rocks  was  s:on>i  up  on  its  present  banks  of  deposits,  from  which 
it  is  now  bein^  rttievl  by  means  of  the  drill,  sledge,  and  dynamita 
Three  different  systems  of  local  deposit  have  been  employed  hy 
Dame  Nature  on  Keweenaw  Point,  llie  profound  and  repeated 
fisiiurini):  previously  spoken  of  caused  huge  vaults  to  be  made  where 
the  |>eroolatius:  waters  left,  securely  l.x4:ed  up,  their  treasures  ol 
ct.>pj>er :  and  here  the  laipest  single  de]:iosits  were  made,  and  the 
drafts  have  l^een  fully  honoured.  The  vaults  extend  mainly  io 
a  north-west  and  south>east  direction,  cutting  across  the  country. 
These  deposits  are  technically  known  as  tissure  veins ;  and  ae 
examples  there  may  l>e  cited  the  Central,  Cliff.  Phoenix,  and  othei 
mines,  mainly  on  the  northern  end  of  Keweenaw  Point 

As  one  would  naturally  suppose,  the  various  lava-flows  would 
differ  in  thickness,  owing  to  the  varying  amounts  of  volcani( 
material  erupted,  as  well  as  to  the  inequalities  of  surface.  Like 
variation  would  also  exist  in  the  extent  and  amount  of  depositee 
conglomerate,  shale,  and  sandstone,  on  account  of  similar  inequalities 
of  the  surface  during  its  formation,  and  the  area  exposed  to  the  tidal 
or  wave  action. 

Keturning  to  the  lava-flows,  it  has  been  found  that  the  thinnei 
ones  are  more  glassy,  and  hence  more  easily  acted  upon  by  the 
percolating  waters ;  thus,  large  amounts  of  the  original  rock  materiah 
have  been  dissolved  out,  removed,  and  their  places,  as  well  as  tho8< 
of  all  other  cavities,  have  been  filled  with  deposits  of  copper  anc 
other  mineral  matter.  These  de|X)sits  are  mined  and  form  th< 
melaphyrw  (locally  called  amygdaloid)  mines,  such  as  the  Quincy 
(Jhceola,  Franklin,  Atlantic,  and  Huron.  These  mines  are  workec 
on  old  lava-flows  that  have  been  impregnated  with  copper,  the  same 
as  a  flow  from  Mount  Etna  might  be  worked,  if  it  were  likewise 
flilod  with  valuable  mineral.  Although  it  is  usual  to  speak  of  these 
mines  as  worked  upon  veins  this  is  an  error,  as  they  have  neithei 
the  structure  of  a  vein,  nor  any  sign  of  a  vein  about  them.  The) 
simply  flow  deposits. 
ibtt  same  time  our  fissure,  or  vein,  and  overflow  deposits  were 
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formed,  rimilar  deposits  were  made  in  the  interbedded  detrital  or 
lei-beach  materials,  or  conglomerates.  Here  the  percolating  waters 
mnoTed  mach  of  the  cementing  mud  and  the  more  easily  noluble 
pebbles,  filling  in  the  places  thus  left  with  copper  and  other  mineral 
matter.  This  form  of  deposit  gives  rise  to  our  conglomerate  mines, 
nch  ss  the  Calumet  and  Hecla,  Tamarack,  Peninsula,  and  AUouez. 

These  mines  are  not  worked  upon  veins,  but  upon  old  sea- 
betch  shingle,  the  same  as  if  any  one  of  your  beaches  here,  after 
hiTing  been  oovered  up,  should  be  worked  for  any  mineral  matter. 
They  are  not  veins  and  they  have  no  sign  of  a  vein  upon  them ;  but 
they  are  simply  bed  deposits. 

Tou  may  ask,  whence  came  the  copper  now  deposited  in  these 
three  different  kinds  of  safety  vaults — vaults  that  were  found  by  pre- 
historic man  to  be  thoroughly  fire-proof,  but  which  are  not  burglar- 
proof,  when  attacked  by  the  modern  earth-robber  with  power  drill 
and  dynamite  ?  No  one  can  tell  whence  came  this  copper ;  he  can 
oolj  infer. 

The  largest  amounts  of  copper  are  generally  well  within  the 
aeries  of  lava-flows,  and  associated  with  or  underlying  the  thicker 
and  heavier  beds.  Further,  it  has  been  seen  that  the  general  course 
of  the  copper  was  downwards,  as  it  extends  frequently  like  icicles, 
from  the  overhanging  bed  into  the  one  that  is  worked,  while  sheets 
of  it  are  wrapped  around  the  angles  of  the  broken  blocks,  like  pa[)er 
around  a  grocer*s  package.  These  and  numerous  other  facts  bhow 
that  the  copper  was  deposited  from  water  subsequently  to  the 
fracturing  and  faulting  of  the  rocks ;  and  that  it  was  probably 
originally  disseminated  through  the  lava-flows,  and  has  since  been 
concentrated  in  the  various  banks  of  deposit  by  the  percolating 
waters,  which  penetrate  all  rocks. 

Did  time  permit,  the  evidence  in  behalf  of  all  the  statements 
made  here  could  be  laid  before  you :  these  evidences  are  picked 
up  one  by  one  by  the  earth's  detectives,  the  geologists,  who,  like 
the  Sherlock  Holmes's,  study  the  ashes,  the  mud,  and  every  relic 
left  by  that  thief.  Time,  in  the  depositories  of  old  Mother  Earth. 
As  you  read  the  story  of  each  coin  and  bill,  each  check  and  draft,  so 
we  read  the  story  of  each  pebble  and  rock ;  and  learn  to  ferret  out 
the  secret  deposit  of  Dame  Nature. 

V. — Rbcent  Coast  Erosion  at  South  wold  and  CovEniTUB. 

By  John  Spillek,  F.C.S.^ 

rpHE  sixteenth  of  May  last  was  a  disastrous  date  for  Southwold 
1  and  the  neighbourhood,  for,  owing  to  the  prevalence  of 
northerly  winds  on  this  and  the  two  previous  days,  culminating 
iu  a  moderate  gale,  the  tides  rose  to  an  abnormal  height,  and  thia, 
combined  with  a  rough  sea,  made  fearful  inroads  upon  the  soft, 
Bandy  cliff  and  the  shingle  on  the  foreshore,  washing  away  a  large 
piece  of  land  and  creating  a  new  cove  at  the  northern  boundary 
of  the  little  town.     The  effect  would  have  been  worse  but  for  the 

^  Bend  before  Section  C  at  the  Ipswich  Meeting  of  the  British  ABSociation,  1895. 
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existence  of  a  clay-footing  and  promontory  at  the  extreme  point, 
and  two  immense  concrete  blocks  constructed  a  few  years  ago  to 
act  as  a  breakwater  and  give  protection  to  this  part  of  the  cliff. 
These  latter  proved  of  temporary  service,  but  became  so  shattered 
and  disintegrated  that  they  must  be  replaced,  or  a  sea-wall  built, 
to  resist  further  inroads  at  the  next  high-flowing  tide.  Similar 
erosion  has  occurred  on  the  face  of  Eastou  Bavents  cliff  and  at 
Covehithe,  and  it  is  feared  that  the  loss  of  land  at  those  places 
will  render  South  wold  all  the  more  assailable  in  future.  Upon  two 
occasions  during  the  winter  of  1894-5  (December  and  January)  the 
tide  rose  to  even  greater  height,  and  inundated  large  tracts  of  salt- 
marsh  around  Southwold,  making  two  ruptures  in  the  railway 
embankment  and  stopping  the  trains  for  a  few  days,  but  as  there 
happened  fortunately  to  be  no  wind  at  the  time  the  damage  done 
to  the  sea-front  was  confined  to  the  sweeping  of  the  shingle  further 
south,  with  comparatively  little  damage  to  the  cliffs  of  Southwold. 
It  became  necessary,  however,  to  remove  all  the  boats  and  capstans 
from  the  beach  and  pull  them  up  the  cliff  or  drag  them  inland ;  and 
this  had  again  to  be  done  on  the  loth  and  16th  May. 

The  Barometric  and  Weather  Record  for  Southwold,  as  entered 
on  the  Royal  National  Lifeboat  Institution's  chart  for  the  middle 
of  May  (8  a.m.)  is  as  follows  : — 

I  force  of  wind  (0  to  12). 
Gentle  breezes,  Bunsbine. 
Ligbt  breeze,  sultry. 
Fresh  breeze,  gloomy. 

Moderate  gale,  clouay,  rain,  snow,  and  bail. 
Strong  breeze,  ugly  threatening  weatha. 
Moderate  breeze,  cloudy. 

It  was  remarked  that  with  a  fresh  breeze,  northerly,  on  the  15th, 
the  ebb  tide  was  cut  short  or  intercepted,  and  then  came  the  gale 
which  did  the  damage  with  vastly  augmented  tide  on  the  16th  May. 
These  are  the  conditions  generally  recognized  on  the  East  Coast 
as  demanding  watchful  care  on  the  part  of  the  seafaring  population, 
so  that  the  event  was  anticipated  and  preparations  made,  as  far  as 
possible,  to  cope  with  the  incoming  tide  on  the  second  day.  No 
injury  was  sustained  by  the  fishing- boats,  nor  on  the  greater  part 
of  the  sea- front— Centre  Cliff  and  Gun-hill — which  are  protected 
by  a  sea-wall ;  but  the  North  Cliff,  not  being  so  secured,  suffered 
to  the  extent  described ;  and  a  repetition  of  northerly  gales  and  high 
winter-tides  may  be  expected  to  do  further  mischief  until  the 
precautionary  measures,  tor  which  Parliamentary  sanction  is  required, 
are  carried  out  in  the  coming  year,  either  by  prolonging  the  existing 
sea-wall  or  constructing  an  efficient  breakwater  at  the  northern 
extremity  of  the  town. 

The  Memoir  of  the  Geological  Survey,  by  Mr.  Whitaker,  ex- 
planatory of  **The  Geology  of  Southwold  and  of  the  Suffolk  Coast 
from  Dunwich  to  Covehithe,"  may  be  consulted  with  advantage  by 
those  desiring  information  on  this  all-important  subject ;  and  the 
waste  of  the  coast  during  recent  years  is  therein  fully  described. 
Thomas  Gardner's  map  and  historical  account  of  Dunwich,  dated 
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1754,  Saxton's  map  of  1575,  and  earlier  reoords,  prove  how  great 
has  beeu  the  loss  nnoe  that  town  was  the  capital  of  East  Anglia, 
uA  hoaated  of  its  mint  and  numerous  eh  arches,  only  one  of  which, 
All  SaintSy  and  the  adjoining  monastery,  now  hoth  in  ruins,  yet 
remain  on  the  high  diff  as  sole  survivors  of  its  ancient  grandeur. 
Covehithe  Ness  has  worked  hack  about  two  miles ;  Easton  Bavents 
tboot  as  muohy  and  is  no  longer  the  most  easterly  point  of  England. 
Southwold  also  has  lost  nearly  a  mile.  The  coast-line,  instead  of 
showing  a  bold  promontory  at  Covehithe  and  Easton,  is  almost 
rodaced  to  a  straight  line  on  the  present  Ordnance  Map,  and  the 
designation  "  Sole  Bay  "  has  thus  become  a  misnomer,  the  northern 
limit  being  destroyed. 

Bat  to  return  to  Southwold  proper,  and  estimate  the  loss  of 
land  there  by  recent  coast  erosion,  I  have  had  the  advantage  of 
professional  assistance  kindly  rendered  by  Mr.  Eaton  W.  Moore, 
Surveyor  and  Land  Agent,  who  has  lived  in  Southwold  nearly  all 
bis  life,  and  remembers  the  sweeping  away,  in  March  1862,  of  the 
coastguard  house  and  beach-cottages  which  formerly  stood  on  the 
shore  below  the  East  Cliflf  and  Centre  Cliff.  This  gentleman  has 
measured  the  inlet,  which  1  now  propose  to  call  North  Cove,  and 
gives  me  the  following  dimensions,  viz.:  148  feet  long  by  60  feet 
mean  depth,  equal  to  8880  square  feet,  or,  roughly,  one-fifth  of  an 
acre.  And,  if  we  add  to  this  the  loss  of  contiguous  roadway,  near 
the  fishermen's  huts,  amounting  to  396x32=12,672  Hquare  feet, 
we  arrive  at  a  sum  total  of  21,552  sc^uare  feet,  equal  to  about  half 
AM  acrtt  of  land  actually  washed  away  by  the  recent  high  tide.  Not 
only  is  territory  diminished  to  this  extent,  but  there  has  been  a 
great  drifting  away  of  loose  shingle  from  the  back  of  the  shore,  so 
that  the  path  left  remaining  is  'Herraced"  from  four  to  six  feet 
above  the  beach-level,  instead  of  forming  a  gentle  gradient  from 
roadway  to  sea,  as  was  the  case  prior  to  May  16th.  By  the  removal 
of  this  thick  shingle-bed  and  the  erosion  of  the  face  of  the  cliffs 
beneath,  the  sections  of  Boulder-clay,  sand,  and  loam,  with  a  little 
bit  of  black  peaty  bed,  and  one  or  two  pockets  of  shelly  crag,  have 
come  prominently  into  view.  A  human  skeleton  also  was  found 
buried  in  a  superficial  accumulation  made  up  partly  of  reasserted 
Boulder-clay,  which  at  first  was  thought  to  be  prehistoric,  but  this 
^its  been  taken  in  hand  by  Mr.  Walter  Mawer,^  and  submitted  to 
Dr.  Garson  and  Mr.  £.  T.  Newton,  with  the  result  that  its  primeval 
claimfi  have  been  finally  disposed  of,  and  the  cranium  held  to  be 
tbatof  a  low,  but  ordinary,  type  of  current  humanity. 

As  if  to  compensate  for  the  town's  loss,  the  shiiigle-beds  both  to 
the  north  and  south  of  Southwold  have  been  considerably  raised, 
&nd  spread  over  a  wider  area  of  the  marshes.  This  is  apparent  all 
round  the  **  rocket  staflf  **  marked  on  the  Ordnance  Map,  and  the 
"brickmakers'  pond*'  has  also  been  partially  filled  up;  moreover, 
<^nother  ditch,  approached  by  a  gate  through  which  I  passed  last 
y^r,  is  now  firmly  silted  up.  A  breach  has  likewise  been  made, 
to  the  extent  of  74  feet,  at  the  northern  end  of  the  straight  dyke 
^  "The  Southwold  Skeleton'' :  Eatt  Anglian  Daily  Times,  June  7th,  1895. 
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wall  indicated  on  the  map  as  running  north-east  from  the  shore 
extremity  of  Buss  Creek.  This  was  broken  through  by  the  force  of 
the  incoming  waves,  and  much  shingle  deposited  in  and  behind  the 
said  beach.  Much  silting  up  also  has  occurred  in  front  of  East  on 
Broad,  and  in  the  two  hollows  that  the  pedestrian  jiasses  on  his 
way  there  by  the  Easton  Cliff,  as  indicated  in  the  coloured  plate, 
"Sections  of  Suffolk  Cliffs,*'  appended  to  Mr.  Whitaker's  Memoir. 
At  the  hollow  close  to  Easton  Broad  the  accumulation  of  shingle 
has  all  but  exterminated  the  yellow-homed  poppy,  which  was 
growing  there  in  profusion  last  summer ;  and,  of  course,  the  channel 
or  outlet  to  the  sea,  ever  changing,  was  affected,  and  for  nearly 
three  months  it  became  impossible  to  walk  to  Covehithe  along  tlie 
shore  without  wading  through  the  watercourse,  in  which,  by  the 
way,  I  picked  up  (in  June)  a  rounded  lump  of  red  haematite  iron 
ore  weighing  1  lb.  Early  in  August  this  channel  was  again 
blocked,  so  that  the  way  to  Covehithe  along  the  beaoh  is  once 
more  restored. 

Whilst  all  these  changes  have  occurred,  it  is  also  manifest  that 
the  lines  of  high  and  low  watermark  have  sensibly  altered,  so  that 
in  this  respect  the  Ordnance  Maps  will  need  to  be  corrected  by 
a  fresh  survey,  and  the  configuration  of  the  coast-line  somewhat 
modified.  The  North  Cliff  bathing-station  had  to  be  moved,  and 
the  Gun  Batteiy  at  Easton  shifted  back  34  feet ;  and  further  north 
the  old  path  is  seen  in  many  places  to  lead  over  the  edge  of  the 
cliff.  In  August  last  Mr.  Horace  B.  Woodward  and  I  carefully 
measured  several  spans  of  wasting  cliff,  the  records  of  which  wei^ 
noted  by  Mr.  W  hi  taker  on  his  field  copies  of  the  Ordnance  Map  as 
having  been  taken  by  himself  in  1882  and  1889.  Here  are  the 
details  for  comparison  : — 

I.  Easton  Bavents, — "660  feet  from  hedge  to  cliff- top,  at  hedge 
on  south-west  of  road.     June  1889.     Buildings  gone.     W.  W.** 

This  is  now  530  feet.     August  1895. 

Loss  in  six  years=:20  feet. 

II.  Easton  High  Cliff. — "  Edge  of  cliff  from  hedge  running  north 
and  south,  130  feet     W.  W.     May  1882." 

We  found  this  to  be  108  feet.     August  1896. 

Loss  in  thirteen  years =22  feet. 

III.  Covehithe  Cliff. — The  distance  from  the  hedge  on  the  south 
side  of  the  road,  between  the  coastguard  station  and  the  cliff- top, 
was  ascertained  to  be  90  yards  in  June  1889,  by  Mr.  Whi taker. 

Our  measurement  on  16th  August,  1896,  was  62  yai*ds. 

Loss  in  six  years=84  feet. 

Other  observations  and  measurements  made  by  us  show  that  the 
general  loss  on  Covehithe  Cliff  since  the  Ordnance  Map  was  con- 
structed (1882-3)  has  been  about  60  yards. 

The  rate  of  demolition  at  points  along  the  coast  between  South- 
wold  and  Covehithe  appears,  therefore,  to  vary  considerably,  and 
one  is  content  to  record  the  facts  and  figures  for  future  use  rather 
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than  proceed  to  draw  inferenoes  as  to  annual  rates  of  loss  from  these 
recent  observations. 

To  complete  my  tale,  I  should  mention  that  the  heavy  rains  of 
July  last  had  a  further  disastrous  e£feot  upon  the  new  faoes  of  sandy 
eliff  at  Southwold,  and  again  muoh  loosened  material  has  fallen, 
bot  this  time  not  by  direct  marine  agency.  The  worst  feature  of 
the  case  is  the  delay  attendant  upon  Parliamentary  prooeedings  to 
obtain  the  neoessary  sanction  for  carrying  out  the  protective  works, 
as  another  winter  must  inevitably  intervene  before  they  can  be  put 
in  hand,  and  no  temporary  expedients  of  a  satisfactory  character 
have  been  suggested. 

[The  paper  was  illustrated  by  photographs  and  a  water-oolour 
sketch  of  the  new  cove  at  Southwold.J 
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THE    CORAIXINE    CrAQ   TbSTED   BT    AN    ANALYSIS    OF    ITS    MORE 

Abundant  and  Gharaoteristio  Species.^ 

By  P.  W.  Hahmer,  F.G.S. 

THE  close  resemblance  between  the  Molluscan  fauna  of  the 
Coralline  Crag  and  that  of  the  Mediterranean  at  the  present 
day  has  long  been  known  and  is  universally  recognized.  It  has 
been  customary,  however,  to  take  the  whole  list  of  shells  from  this 
deposit,  for  the  purpose  of  comparison,  without  reference  to  the 
greater  or  less  abundance  of  the  different  species ;  but  in  discussing 
the  affinities  of  the  fauna  from  this,  or  indeed  from  any  other 
horizon  of  the  East  Anglian  Crags,  it  may  be  misleading  to  attach 
as  much  importance  to  the  presence  of  a  shell,  of  which  only  one  or 
at  the  most  a  very  few  specimens  have  been  discovered  during  so 
many  years,  as  to  the  occurrence  of  forms  which  are  found  in  such 
countless  profusion  as  sometimes  to  compose  a  large  proportion  of  the 
whole  number  of  the  shells  present.  Out  of  about  440  species  of 
Mollusca  from  the  Coralline  Crag  given  by  Mr.  Wood  in  his  well- 
kuown  Monograph^  (excluding  varieties),  nearly  90  are  said  to  be 
represented  by  unique  specimens  only,  while  more  than  100  others 
have  very  rarely  been  met  with.  It  is  true  that  some  of  these 
rarer  forms  may  be  only  locally  rare,  although  it  is  worthy  of 
notice  that,  with  few  exceptions,  the  species  which  are  common  in 
the  Diestien  beds  of  Belgium,^  believed  to  be  approximately  con- 
temporaneous with  the  Coralline  Crag,  are  also  common  in  that 
deposit  On  the  whole,  without  ignoring  altogether  the  existence 
of  the  rarer  forms,  it  seems  that  a  consideration  of  the  general 
facies  of  the  fauna  of  each  of  the  different  horizons  of  the  Crag, 
and  of  its  characteristic  fossils,  is  more  important  and  is  likely 
to  give  more  reliable  results  than  an  analysis  of  all  the  species 
of  each  bed,  irrespective  of  the  greater  or  less  frequency  with  which 
they  have  been  found. 

'  Read  before  Section  C  of  the  British  Association  at  Ipswich,  Sept.  12th,  1895. 
'  PakeontoCTaphical  Society  (1848,  etc.). 

'  Van  den  oroeck,  Introduction  au  Mcmoire  de  M.  P.  II.  Nyst  sur  la  Conchy- 
lioloj^e  du  Terrains  tertiaires  de  la  Belgique.    Bruxelles  (1882). 
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The  Southern  character  of  the  Mollusoan  fauna  of  the  Coralline 
Crag  and  its  exceedingly  close  resemblance  to  that  of  the  Mediter- 
ranean is  much  more  clearlv  shown  when  we  take  its  abnndaot 
shells  only  as  the  basis  of  our  analysis.  Omitting  from  Mr.  Wood's 
catalogue  varieties,  and  those  forms  which  are  represented  by  unique 
specimens  onlj*,  or  which  are  very  rarely  met  with,  we  have  about  220 
species  which  may  be  regarded  as  the  representative  shells  of  the 
formation.  Of  these  82,  or  about  37  per  cent.,  are  not,  according  to 
Mr.  Wood,  known  to  be  living,  and  seven  others  may  be,  for  oar 
present  purpose,  regarded  as  extinct,  as  they  have  ceased  to  exist  in 
European  seas,  and  are  only  now  found  in  distant  parts  of  the  world. 
Of  the  132  species  remaining,  119  occur  in  the  Mediterranean  at 
the  present  day,  and  twelve  others  in  what  Dr.  Gwyn  Jeffreys 
has  called  the  West  European  area — that  is,  along  the  Atlantic  coasts 
between  the  Straits  of  Gibraltar  and  the  English  Channel — provinces 
which  he  says  cannot  be  regarded  as  zoologically  distinct.  There 
is  thus  only  one  among  the  characteristic  Mollusca  of  the  Coralline 
Crag,  viz.  Duccinum  (Buceinopsis)  Dalei,  which  does  not  live  in 
seas  to  the  south  of  the  British  Islands,  and  this  species  cannot  be 
regarded  as  undoubte<lly  boreal,  for  it  is  given  by  MM.  Dollfus  and 
Dautzenberg,  with  a  (?)  however,  as  occurring  in  the  Miocene  beds 
of  Touraine.*  Mr.  Wood,  analyzing  the  entire  list  of  Coralline 
Crag  shells,  gives  20  as  British  and  not  Mediterranean  ;  but  of  these, 
15  are  very  rare,  and  the  others,  with  the  exception  of  the  species 
just  named,  are  West  European.  The  close  connection  between  the 
fauna  of  the  Coralline  Crag  and  that  of  the  Mediterranean  is  further 
shown  by  the  fact  that  more  than  30  of  the  extinct  species  of  the 
former  are  said  to  occur  either  iu  the  Pliocene  beds  of  Monte  Mario, 
near  Rome,'  or  in  those  of  Biot,  near  Antibes,  in  the  South  of 
France.^  As  to  the  Monte  Mario  beds,  Sig.  Ponzi  and  Meli  remark 
that  their  MoUuscan  fauna  would  be  identical  with  that  of  the 
Mediterranean  at  the  present  day  were  it  not  that  some  species  have 
emigrated  and  some  have  become  extinct  Out  of  396  species  of 
Mollusca  found  at  Monte  Mario,  given  in  a  list  published  by  Cav. 
Zaccari,*  more  than  150  occur  also  in  the  Coralline  Crag,  a  larger 
number  than  is  common  to  the  latter  deposit  and  the  Diestien 
l)eds  of  Belgium,  contemporaneous  deposits  of  the  Anglo-Belgian 
Basin  not  more  than  150  miles  apart. 

These  facts — the  close  correspondence  between  the  recent  MoUuscan 
fauna  of  the  Coralline  Crag  and  of  certain  Italian  Pliocene  beds 
with  that  now  living  in  the  Mediterranean  and  the  West  European 
areas,  and  the  resemblance  of  these  deposits,  paladontologically,  to 
each  other — seem  to  point,  not  merely  to  the  conclusion  that  there 
must  have  been  free  and  direct  communication  between  the  sea  of 
the  Coralline  Crag  and  the  Atlantic,  but  also  that  at  some  period 

*  Etude  preliminuire  des  coquilles  fonsiles  des  Faluns  de  la  Touraine.  Bennee: 
Paris  (1886). 

'  Ponzi  and  M(!li,  Mem.  R.  Accad.  del  Lincri,  ser.  4,  vol.  iii,  p.  672  (1887). 

'  A.  Bell,  Catalogue  des  Moll.  Foss.  des  Marnes  Blues  de  Biot,  pr^  Antibes: 
Journ.  do  Conch.    Paris  (1870). 

^  Zaccari,  Catalogo  del  Fossili  del  Monte  Mario,  CoUezione  RigaccL    Boms. 
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rabseqnent  to  the  coming  into  existence  of  the  present  fauna  there 
was  more  open  connection  between  the  latter  and  the  Mediterranean 
than  there  ia  at  present    The  distinotively  Southern  character  of  the 
fanna  of  the  Coralline  Crag  is  further  shown  by  the  comparatively 
large  proportion  of  its  shells  that  do  not  now  live  so  tar  to  the 
xrarth  as  the  seas  of  Great  Britain,  but  this  also  comes  out  more 
strongly  when  we  confine  our  attention  to  its  more  abundant  forms. 
While,  as  has  been  shown,  there  is  only  one  among  the  132  recent 
European  Mollusca,  representative  of  the  formation,  which  is  British 
and  not  Southern,  there  are  35,  or  26  per  cent.,  which  are  Southern 
and  not  British.     But  among  the  forms  usually  regarded  as  British, 
there  are  nine — viz. :    Cerithium   Metaxa^  Cacum  trachea,   Modiola 
rkomhea,    Limopsis  aurtta,    Scacchia   orbieulariB,    Woodia   digitaria, 
Donax  polttuB,   TJiracia  pubescens,  and  Poromya  grantdata,  charac- 
teristic shells  both  of  the  Mediterranean  and  of  the  Coralline  Crag 
—which  are  either  confined  to  the  south-western  portion  of  our  seas, 
or  have  been  included  in  lists  of  the  British  fauna  because  of  the 
occasional  discovery  of  some  rare  specimens  on  our  coasts.     If  we 
regard  these  nine  species  as  Southern,  we  have  44  out  of  132,  or 
more  than  one-third,  which  are  Southern  and  not  British.     In  a 
word,  the  abundant  shells  of  the  Coralline  Crag  which  are  now  living 
in  European  waters  are  practically  all  Southern  forms,  thougli  some 
of  them  range  also  into  Northern  seas,  but  the  few  shells  which  are 
exclusively  boreal  are,  with  the  one  exception  named,  exceedingly 
rare.    It  may  safely  be  said  that  if  it  were  possible  to  count  shells 
instead  of  species,  we  should  meet  with  some  thousands  of  specimens 
of  recent  Southern  Mollusca  in  the  Coralline  Crag  for  every  recent 
boreal  shell  we  could  discover.     We  find  also  among  the  extinct 
fpecies,  abundant  in  the  Coralline  Crag,  a  greatly  preponderating 
number  of  genera  of  a  decidedly  Southern  character.     Among  these 
may  be  mentioned,  Voluta,  Terebra,  Cassidaria,  Pyramidella.  Ntici' 
w//a,  Scintilla,   Erycinella,  Panopaa,  and  Pholadomya,  the  last  of 
which  is  tropical,  as  is  also  the  West  Indian  shell,  Erato  Maugeria, 
and  both  these  are  abundant. 

On  the  other  hand,  no  shell,  in  Mr.  Wood's  opinion,  of  an  ex- 
clnsively  Arctic  character  has  been  discovered  in  the  Coralline 
Crag,  except  a  single  valve,  which  he  referred  with  a  good  deal 
of  doubt  to  the  species  Cerithiopsis  lactea ;  but  among  the  extinct 
forms  there  is  one,  Qlycimeris  angusta,  which  is  not  uncommon, 
which  belongs  to  a  Northern  genus.^  Attention  has  been  called  to 
the  profusion  of  the  different  species  of  Astarte,  as  giving  a  boreal 

'  ProfesiJor  Prostwich  gives  a  list  of  about  a  dozen  species  of  Mollusca  which  ho 
flainu  as  Northern  (Q.J.G.S.,  vol.  xxvii,  1871,  p.  135).  Five  of  these,  liowi'ver, 
^'^pi  to  the  south  as  well  as  to  the  north  of  our  snores  ;  and  as  to  the  rt«t,  with  the 
CKt-ption  of  the  one  already  namcrd  {Buccinop»is  JJalei)^  and  another,  Tnchotropia 
^'jrealis^  which  is  very  rare  in  the  Coralline  Cracf,  he  follows  Dr.  Gwyn  JeJfroys 
ID  cooinderiuf^  shells  reganled  as  extinct  by  Searles  Wood  and  others  as  varieties 
°*«'flyof  existing  species.  For  example,  he  believes  Astarte  Oma/ii  to  be  the 
t<iQiTa]fnt  of  A,  wtdata,  an  American  shell,  and  Ttllina  obliqua  that  of  T.  lata, 
*P  entirely  distinct  form.  Mr.  "NVood  had  the  opportunitv  of  weighing  Dr.  JfflFrevs' 
^**»9,  anH  he  has  given  in  the  Supplement  to  his  Monograph  his  reasons  lor 
Offering  from  them.  I  agree  with  Mr.  Clement  Keid  ana  others  in  following 
^>  Wood*8  opinion  as  to  this. 
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faoies  to  the  fauna  of  the  Coralline  Crag.  At  the  present  day 
this  genus  undoubtedly  is  charaoteristio  of  Northern  latitudes,  but 
it  is  not  confined  to  them.  In  the  Eocene  period,  as  Mr.  Wood 
points  out,  four  species  of  Astarte  lived  in  these  latitudes,  in  asso- 
ciation with  animals  and  plants  of  a  tropical  character.  The  Aslaries 
of  the  Coralline  Crag  are  all  extinct,  except  two,  which  are  Mediter- 
ranean species;  and  their  occurrence,  therefoi-e,  does  not,  I  think, 
present  any  insuperable  difficulty  in  the  way  of  our  accepting  the 
strongly  preponderating  evidence  that  the  climato  of  the  period  in 
question  was  considerably  warmer  than  that  of  the  present  day. 
Summary  of  thb  Abundant  and  Characteristic  Species  of  Mollusca 

OCCURRING   IN   THE   CoRALLINE    CrAG.^ 

Xot  known  as  livinp^        (37  per  cent.)  82 

Living  in  distant  seas — Pacific       3 

,,  ,,  ViliiauFlC       •••       ■••      •••       ...       ••*  L 

,,  ,,  West  Indian      1 

,,  „  South  African 1 

,,  ,,  North  American       1 


Living  in  the  Mediterranean 119 

Not  living  in  Mediterranean,  hut  in  West  European  area      1 2 

131 

Not  known  to  range  to  the  south  of  British  seas         ...  1 

221 

Species  of  European  MoUusea  abundant  in  CoraVifie  Crag, 

Southern  and  not  British (26  per  cent.)       35 

British  (rare)  and  Southern     9 

(ZV.  per  cent.)         —  44 

British  (characteristic)  and  Southern      87 

British  and  not  Southern 1 

132 

Professor  Prestwich,  it  is  true,  does  not  admit  this  view  of  the 

case,  and  claims  that  ice  action  had  come  into  existence  even  at 

the  commencement  of  the  deposition  of  the  Coralline  Cra|5,  resting 

his  opinion  on  the  fact  that  a  water-worn  block  of  porphyry  was 

found  in  the  basement  bed  at  Sutton,  which  he  considers  must  have 

been  transported,  either  from   Scandinavia   or  the   Ardennes,   by 

floating  ice.'     I  differ  with  considerable  reluctance  from  so  eminent 

an  authority,  but  I  cannot  help  feeling  that  the  evidence  of  this 

one  block  is  insufiBcient  to  support  the  theory  built  upon  it.     No  ice 

reaches   our   shores  at   the   present   day   either   from    Norway   or 

Belgium,  and  the  winter  temperature  of  Northern  Europe  would 

have  to  fall  considerably  before  this  could  happen.     The  almost 

entire  absence  of  recent  Northern  shells  from  the  Coralline  Crag, 

moreover,  seems  to  imply  either  that  the  sea  of  that  period  was  not 

open  to  the  north,  or  that  the  temperature  of  the  seas  of  Scandinavia 

were  affected,  as   they  are  now,  but  to  a  greater  extent,  by  the 

Gulf  Stream;  while  as  to  Belgium,  I  am  not  aware  that  similar 

ice-borne  debris  occurs  in  the  Crag  beds  of  that  country,  nor  are* 

such  boulders .  found  in  our  own  Red  Crag,  the  climate  of  which 

^  The  figures  now  given  are  slightly  different  to  those  originally  stated,  but  the 
conclusions  to  be  drawn  from  them  are  not  affected  by  the  alteration. 
»  Q.J.G.S.,  vol.  xxvii,  p.  134  (1871). 
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was  colder  than  that  of  the  Coralline.  The  occurrence  of  this  one 
block,  which  was  neither  angular  nor  striated,  and  which  might 
have  reached  its  resting-place  in  some  other  way,'  does  not  seem 
to  me  to  justify  the  otherwise  improhahle  hypothesis  of  floating 
ioe  daring  any  part  of  the  Coralline  Crag  period.  The  affinities 
of  the  Molluscan  fauna  of  these  deposits  is  clearly  with  the  seas  of 
Soatheru  Earope,  or  even,  as  Mr.  Wood  suggested,  of  the  Azores, 
rather  than  with  those  to  the  north  of  the  Island.  At  the  present 
time  there  is  a  difiference  of  not  less  than  10°  F.  between  the  average 
yearly  temperature,  both  of  the  atmosphere  and  of  the  ocean,  in 
the  British  and  Mediterranean  areas. 


VIL— Notes   on   Prtrologioal  Nomenolaturk  :    Schist,   Slati, 

Phyllade,  amp  Phtllite. 

By  A.  R.  Hunt,  M.A. 

IN  1891  Professor  A.  H.  Green  wrote  an  interesting  notice  of 
two  books,  both  of  extreme  value  to  the  petrological  student, 
Tiz.  Cole's  Aids  in  Practical  Geology  and  Hatch's  Introduction 
to  the  Study  of  Petrology.  In  the  course  of  his  review  the 
Professor  remarks:  ''  In  dealing  with  the  foliated  rocks,  the  author 
touches  on  the  debated  point  of  the  'true  schists.'  We  are  pretty 
well  used  to  this  phrase,  and  have  waited  long  in  the  hopes  of 
being  told  what  constitutes  a  '  true  schist,'  but  our  patience  has 
not  yet  met  with  the  reward  it  merits.  The  author  is  of  opinion 
that  'the  alleged  distinction  between  schist-like  rocks  and  schists 
of  pre-Cambrian  age  requires  great  delicacy  of  definition.'  This  is 
delicately  put,  and  will  command  the  assent  of  most  geologists " 
(Nature,  vol.  xliv,  p.  26). 

In  the  following  paper  an  attempt  has  been  made  to  ascertain 
the  different  meanings  attached  by  authors  of  repute  to  the  terms 
Scliist,  Slate,  Phyllade,  and  Phyllite.  All  the  petrologists  quoted 
are  cited  as  authorities  of  equal  value,  and  as  evidence  of  the 
meanings  actually  current  as  to  different  technical  terras  at  the  time 
of  writing.  No  attempt  is  made  to  show  that  one  is  more  correct 
than  another,  nor  is  there  any  suggestion  of  such  a  thing. 
Webster's  Dictionary  is  quoted,  not  as  an  authority  on  technical 
terms,  but  as  the  glossary  of  easiest  access  to  the  ordinary  reader. 
Webster's  definitions  may  be  taken  to  be  the  interpretation  of 
scientific  terms  as  popularly  accepted. 

Schist,  Slate,  Phyllite,  Foliation. — The  confusion  that  has  arisen 
in  the  use  of  the  foregoing  terms  is  due  to  the  same  words  being 
used  by  geologists  in  two  or  more  different  senses. 

Schist  and  slate  are  etymologically  identical,  absolutely  synony- 
mous and  interchangeable.  Both  terms  signify  rocks  that  split. 
De  la  Beche  commonly  used  the  word  slate,  to  the  entire  ex- 
chision  of  schist.  He  tells  us  how  a  deposit  of  quartz,  felspar, 
and  mica  would  become  gneiss  ;  "  while  one  formed  only  of  grains 
of  quartz  and  mica  would  become  mica  slate  "  (Geol.  Obs.,  p.  705). 

*  Mr.  C.  Reid  mentions  that  in  some  of  the  Coral  islands  of  the  South  Seas, 
boulders  which  reach  the  shore  on  drift-wood  are  the  perquisite  of  the  chiefs. 
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Much  perplexity  has  been  caused  by  De  la  Beche  describing 
gneiss  among  the  South  Devon  metamorphio  rocks ;  but,  taking 
his  own  definition  of  that  rock,  it  is  not  uncommon.  If  a  rock 
composed  of  quartz  and  mica  may  become  a  mica-slate,  the  term 
slate  clearly  refers  to  structure  and  not  to  composition,  as  quartz 
is  in  no  way  argillaceous— the  modem  idea  of  a  slate.  If  we 
turn  to  recent  textbooks  we  find  the  meaning  attached  to  **  slate " 
entirely  different  from  De  la  Beche*B.  For  instance,  Jukes-Browne 
tells  us  that  a  slate  is  **  any  argillaceous  rock  exhibiting  well- 
marked  cleavage "  (Phys.  Qeol.,  p.  295) ;  while  Rutley  describes 
clays,  shales,  and  slates  as  **  impure  hydrous  silicates  of  alumina " 
(Study  of  Rocks,  p.  282). 

Thus  the  idea  conveyed  to  De  la  Beche  by  the  term  slate  is  that 
of  the  original  word,  the  old  English  "  sclate,"  a  shiver  or  splinter, 
whatever  the  composition.  The  modern  idea  is  an  aluminous  rock 
more  or  less  cleaved,  which  De  la  Beche  would  have  probably  called 
a  clay-slate. 

Tlie  term  "  phyllite  "  presents  even  greater  difficulties.  According 
to  Humble,  it  is  a  petrified  leaf  (Diet.  Geol.  and  Min.).  Webster, 
on  the  authority  of  Dana,  defines  it  as  '*  a  mineral  consisting  chiefly 
of  the  hydrous  silicate  of  alumina,  iron,  and  manganese  [«tc],  and 
occurring  in  thin  scales  or  leaves."  According  to  Bristow  (Glossary 
of  Mineralogy),  phyllite  is  a  magnesian  mica,  and  a  variety  of 
ottrellite.  Dana  tells  us  that  '*  phyllite  occurs  in  the  schist  of 
Sterling  ....  Massachusetts,  ....  and  the  rock  in  consequence 
of  it  is  called  by  Hitchcock  *  spangled  mica  slate,'  the  phyllite  being 
the  mica  of  the  schist "  (Syst.  Min.  1881,  p.  606).  On  examining 
the  analysis,  phyllite  proves  to  be  a  magnesia-potash-mica,  manga- 
nese being  an  obvious  clerical  error. 

The  popular  acceptation  of.  the  term  phyllite  founded  on  Dana 
is  that  it  is  a  mineral,  and  a  species  of  mica.  English  geologists, 
on  the  contrary,  almost  without  exception,  use  the  term  phyllite 
to  define  a  species  of  rock.  Sir  A.  Geikie  tells  us  that  "by  increase 
of  its  mica-flakes  a  clay-slate  passes  into  a  phyllite  "  (Class  Book  of 
Geol.,  p.  223).  According  to  Jukes- Browne,  phyllite  is  "  a  glossy 
slate,  the  metamorphism  of  which  has  probably  been  carried  a  little 
further  than  usual  *'  (Phys.  Geol.,  p.  296).  Miss  Raisin  defines 
it  as  '*a  slate  in  which  a  large  amount  of  microlithic  mica  is 
developed"  (Q.J.G.S.,  vol.  xliii,  p.  717).  Prof.  Bonney  speaks  of 
a  certain  mineral  in  slate  as  **  one  of  the  hydrous  micas  which 
seem  common  ....  to  the  phyllites"  (Q.J.G.S.,  vol.  xl,  p.  17). 

It  is  clear  that  the  above  authorities  are  at  one  in  considering  that 
a  phyllite  is  a  sort  of  slate.  Phyllites  pass  into  schists,  for  we  find 
a  rock  described  by  Teall  as  "  a  schistose  spotted  rock  intermediate 
between  a  phyllite  and  a  mica-schist"  (Proc.  Somerset  Arch.  Soa 
1892,  p.  211). 

Phyllade  is  used  by  some  geologists  in  lieu  of  phyllite.  Professor 
Cole  tells  us  that  "minute  mica  scales  may  develop  along  the 
cleavage  planes  [of  slate],  and  a  wrinkling  of  the  latter  at  the 
same  time  produces  the  link  with  mica-schist,  called  '  phyllade '  by 
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D'AnbDiason  *'  (Aids  in  Practical  Geol.,  p.  256).  In  Lyell's  Gloasary 
we  find — "Phyllade,  D'Aubnisson's  term  for  clay-slafe,  from 
0vXXa9,  aheap  of  leaves"  (El.  Geol.  1865,  p.  727).  Thus,  according 
to  Lyell,  phyllade  is  a  clay-slate ;  according  to  Cole,  a  link  between 
mica-Bcbist  and  slate,  with  a  peculiar  wrinkled  structure. 

A  mineral  often  mentioned  in  connection  with  pbyllite  (anglice), 
ii  hydrons  mioa.  Professor  Judd,  bowever,  speaks  sligbtingly  of 
these  micas,  stigmatizing  them  as  "so-called  hydro- micas"  (Proc. 
Eoy.  Soc.,  vol.  Ivii,  p.  392). 

It  is  almost  certain  tliat  by  "  pbyllite "  geologists  usually  mean 
ft  rock  in  which  mica  has  been  developed  in  siiik,  and  not  slaty 
rocks  in  which  the  mica  is  detrital.  For  tbe  latter  there  seems  to 
be  no  term  but  micaceous  slate,  with  all  its  uncertainties.  It  may 
be  observed  that  on  one  occasion  I  sent  a  rock  to  a  friend  who 
described  it  as  a  pbyllite ;  subsequently  another  specialist  examined 
the  same  specimen  microscopically,  and  pronounced  the  mica  detrital. 
But  to  return  once  more  to  the  schists.  We  may  dismiss  at  once 
the  original  meaning  of  a  merely  cleaved  rock  synonymous  with 
ilftte,  though  on  reading  De  la  Beche  it  is  essential  to  bear  the  latter 
definition  in  mind.  Acoonling  to  Dana,  '*  slate  is  an  argillaceous 
rock  breaking  into  thin  laminad ;  shale  a  similar  rock,  with  the  same 
Etnicture  usually  less  perfect,  and  often  more  brittle ;  schittt  includes 
the  same  varieties  of  rock,  but  is  extended  also  to  those  of  a  much 
coarser  laminated  structure.     The  ordinary  clay-slate  has  the  same 

constitution  as  mica-slate The   two    pass  into  one  another 

insensibly"  (Dana,  Manual  of  Mineralogy,  1864,  p.  357). 

"Shale"  has  somewhat  fallen  into  desuetude,  but  it  is  sometimes 
Qsed  for  rocks  which  split  in  the  planes  of  bedding,  and  not  in 
planes  of  cleavage. 

Webster  describes  schist  as  a  rock  having  a  slaty  structure.  Slate 
Qiight  with  equal  truth  be  described  as  a  rock  with  a  schistose 
character.  Lyell  tells  us  that  mica-schist  ''passes  by  insensible 
jjTadations  into  clay-slate,"  which  latter  rock  we  are  further  infonned 
iii  Gomraon  to  the  metamorphic  and  fossiliferous  series  (El.  Geol., 
^  726).  Daubree  writes  of  clay-schists  (schistes  argilleux)  and 
8late-8chiats  (schistes  ardoisiers) — (Geol.  exp.,  p.  398).  A  very 
concise  definition  of  schists  is  that  of  Mr.  Jukes- Browne,  viz., 
"foliated  rocks  splitting  into  thin  layers  of  different  mineral  matter  " 
(Phys.  Geol,  p.  296). 
Professor  Bonney  defines  the  term  schist  with  much  precision  : 

"I  apply  the  term  schist  only  to  foliated  rocks The  lax  use 

of  the  term  by  many  Continental  and  some  English  petrologists  (by 
^hom  it  is  made  to  include  not  only  highly  metamorphic  rocks,  but 
'Jso  some  where  the  chemical  and  mineral  changes  are  but  slight) 
causes  much  confusion  "  (Q  J.G.S.,  vol.  xl,  p.  4). 

In  the  above  definitions  of  '*  schists,"  a  new  source  of  trouble  is 
introduced  in  the  word  "foliated."  One  might  suppose  that  the 
typical  foliated  rock  would  be  tlie  one  like  a  "heap  of  leaves," 
*•*.  a  phyllade ;  but  technically  a  phyllade  is  the  very  type  of  a 
non-foliated  rock. 
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We  now  turn  to  Webster  to  ascertain  tbe  popular  scientific 
meaning  of  " foliated."  We  find  it  to  be  "restricted  to  tbe  varietj 
of  laminated  structure  found  in  crystalline  scbist."  Now,  if  ir 
Prof.  Bonney's  definition  we  substitute  "crystalline  schist"  foi 
"  foliated  rooks,"  it  would  read  :  "  I  apply  the  term  schist  only  t( 
crystalline  schist";  and  this,  so  far  as  I  can  ascertain,  is  the  vie^ 
accepted  by  British  petrologists.  If  we  are  careful  to  remembe: 
that  "  foliated  "  does  not  merely  mean  having  leaves  or  laminae,  anc 
that  schist  does  not  merely  mean  being  divided  into  leaves  or  laminae 
the  modern  British  technical  meaning  of  the  word  may  be  arrivec 
at ;  but  it  is  essential  to  remember  that  in  France  "  schiste  "  ant 
"feuillet^"  are  applied  to  "ardoise"  (i*oofing-slate),  and  must  b 
sharply  distinguished  from  the  modern  British  "soliist"  and  "folia 
tion."  All  three  terms  will  be  found  in  the  letterpress  of  fig.  13( 
in  Daubree's  Geol.  experimentale,  p.  395. 

There  seems  to  be  no  laxity  in  the  use  of  "  schiste "  by  Frencl 
petrologists.  The  terra  defines  a  fissile  rock.  When  used  for  i 
crystalline  schist,  the  crystalline  constituents  are  mentioned,  e,g 
"  mica-schistes,  talc-schistes,"  etc.;  and  "quartzites  schist  eux, 
whose  "feuillete"  is  caused  by  mica,  chlorite,  talc,  or  oligist 
(Daubr^e,  loe,  cit,  p.  399). 

The  diflBculty  which  arises  from  the  definition  of  "schist' 
adopted  by  British  petrologists  is  that  of  uncertainty.  A  "  schist,' 
say  they,  is  a  highly  metamorphic  rock  where  the  mineral  change 
are  great ;  not  a  rock  in  which  the  mineral  changes  are  but  slight 
Clearly,  then,  there  exists  an  intermediate  debatable  set  of  rocks,  t 
which  the  term  "schist"  is  not  applicable.  Who  is  to  define  th 
borders  of  this  petrological  "  No  man's  land  " — the  area  in  whiol 
the  rocks  occur  described  by  Mr.  Teall  as  links  between  pbyllite 
and  mica-schists  ? 

The  true  obstacle  to  the  selection  of  a  consistent  nomenclatur 
that  will  define  the  geologist's  meaning,  and  not  fly  in  the  face  o 
its  own  etymology,  lies  in  the  fact  that  two  words  of  identica 
meaning,  used  indifferently  by  our  early  geologists,  have  assume 
to  themselves  technical  meanings  which  place  them  at  the  opposit 
extremes  of  the  series  of  fissile  rocks.  Could  English-speakiuj 
geologists  revert  to  the  old  simple  meaning  of  "schist,"  we  migh 
have  some  such  series  as  "  clay-schist,"  "  sub-crystalline  schist,"  an 
"crystalline  schist";  in  lieu  of  slate,  pbyllite,  and  schist.  The  nam 
of  the  dominant  mineral  being  prefixed  would  define  the  crystallin 
peculiarity;  and  if  advisable,  to  distinguish  detrital  minerals  froi 
induced  minerals,  the  words  micaceous,  talcose,  hornblendic,  etc 
might  be  resorted  to.  "  Slate,"  unfortunately,  to  the  world  mean 
roofing-slate. 

Under  the  present  system  it  is  often  impossible  to  feel  sure  c 
a  geologist's  meaning;  and  it  is  equally  impossible  to  describe 
fissile  rock  with  any  certainty  that  the  definition  will  be  understoo 
by  others.  A  most  remarkable  instance  of  this  difficulty  is  that  c 
the  Devonshire  rocks,  so  long  known  as  chlorite-schists.  Mr.  Teal 
has  avoided  giving  them  a  specific  name,  and  has  simply  calle 
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them  green  rocks.  But  to  distinguish  two  sets  of  Devonshire  rooks 
as  '^greenstones"  and  "green  rocks,"  as  I  myself  did  in  my  own 
paper  on  the  suhject,  is  to  make  a  very  fine  technical  distinction, 
and  one  very  likely  to  confuse  the  n  on -technical  reader.  It  need 
scarcely  be  mentioned  that  the  green  rocks,  like  the  greenstones,  are 
often  grey ;  and  that  some  of  the  chlorite-schists,  alias  green  rocks, 
are,  to  all  appearance,  neither  green,  ohloritic,  nor  schistose :  but 
ihis  is  a  mere  detail. 

Postscript. — The  foregoing  notes  were  out  of  my  hands  before 
I  had  had  the  advantage  of  seeing  Mr.  L.  Fletcher's  recent  work, 
"An  Introduction  to  the  Study  of  Rocks,"  in  which  the  author 
classes  phyllites  with  argillaceous  schists,  and  proposes  the 
term  "  mero-crystalline "  to  describe  volcanic  rocks  which  are  not 
holo-crystalline.  If  ** mero-crystalline"  might  also  be  applied  to 
schista  which  are  not  holo-crystalline,  it  would  greatly  facilitate  the 
description  of  certain  intermediate  rocks  which  have  been  hitherto 
indescribable.  In  Gkol.  Mag.  1892,  Vol.  IX,  Pis.  VII  and  VllI, 
two  rocks  are  figured,  and  elsewhere  described  as  a  quartz-schist  and 
a  chlorite- schist.  Both  these  are  courtesy  titles,  as  neither  rocks  are 
preeminently  fissile;  moreover,  the  one  is  not  holo-crystalline  and 
the  other  is  not  prominently  chloritic.  What  is  much  wanted  is 
a  substantive  to  correspond  with  the  adjective  "  schistose,"  a  term 
often  used  to  define  fissile  volcanic  rocks  which  have  no  pretensionH 
to  the  title  "  schist ";  e.g.  a  "  schistose  diabase."  "  Schistoid  "  would 
be  convenient,  but  barbarous.  A  "  mero-crj'stalline  qnartz-schistoid 
with  detrital  quartz  and  tourmaline"  would  sufficiently  define  the 
prominent  characteristics  of  the  one  rock  above  mentioned,  whereas 
"an  holo-crystalline  al bite -uralite- schistoid"  would  indicate  the 
salient  peculiarities  of  the  other.  In  the  one  rock  the  description 
would  suggest  to  the  reader  a  sedimentary  origin,  and  in  the  other 
a  volcanic  one,  a  result  much  to  be  desired  in  the  cases  in  question. 


I^  E  ^V  I  E  "W  S. 

I.— Report  on  the  Department  of  Mines  of  Western  Australia 

FOR  1894.     Perth,  1895. 

THE  rapid  progress  and  brilliant  prospects  of  the  gold-mining 
industry  in  Western  Australia  will  cause  this  White-book  to 
be  carefully  read  by  great  numbers  of  people  in  this  country.  As 
Was  to  be  expected,  there  is  much  infornmtion  given  concerning 
the  auriferous  districts  and  the  mines  in  them,  over  two-thirds  of 
the  reading  matter  consisting  of  a  report  by  Mr.  S.  Goczel,  the 
Assistant  Government  Geologist,  on  the  goldtields  of  the  interior. 
Mr.  Goczel's  facts  are  interesting,  but  he  buries  them  beneath  such 
a  mass  of  stilted  and  redundant  phraseology  that  the  process  of 
dif^ging  them  out  is  far  from  enjoyable,  and  will  hardly  be  a 
relaxation  to  the  gold-miner.  He  tells  us  that  Arcbsean  rocks 
underlie  the  whole  of  the  great  interior  tableland,  and  that  they  are 
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covered  here  and  there  by  thin  cappings  of  un fossil iferons  grits, 
sandstones,  and  conglomerates,  which  are  said,  on  what  appears  to 
be  somewhat  slender  grounds,  to  be  of  Cambrian  age.  Ei-uptive 
masses  of  diorite  and  schistose  felspar-am phibolites  have  been  forced 
through  breaks  in  the  Archcean  rocks,  and,  at  a  somewhat  later  date, 
banded  diabases  were  also  intruded.  The  gold  deposits  generally 
occur  in  the  stretches  of  country  occupied  by  these  old  "green- 
stones," and  were  perhaps  formed  before  the  volcanoes  became 
extinct.  As  Mr.  Goczel  puts  it :  ''  Doubtlessly  [«te]  the  foi*mation  of 
lodes  commenced  with  the  first  break  in  the  lythosphere,  but  the 
formation  of  the  bulk  of  primary  gold  deposits  in  this  region  is  due 
to  a  hydrothermal  gold  emanation,  most  probably  connected  with 
and  caused  by  volcanic  subsidences  during  the  late  periods  of 
the  Palaeozoic  era."  In  future  reports  returns  of  the  amount  of 
machinery  of  all  kinds  on  the  goldfields  will  be  made,  so  as  to 
show  the  rate  of  progress.  It  would  be  useful  if  the  output  of  the 
individual  mines  and  districts  were  also  tabulated. 

The  coalfields,  on  which  the  gold-mines  will  depend  for  their 
life,  are  dealt  with  by  the  Government  Geologist,  Mr.  H.  P. 
Woodward.  He  finds  the  coal  in  the  Collie  field,  which  seems  to 
be  of  true  Carboniferous  age,  to  be  a  compact,  splinty,  bituminous 
coal  of  the  non-caking  class,  containing  61  per  cent,  of  fixed  carbon, 
32  per  cent,  of  gas,  11*5  per  cent,  of  water,  and  4*3  per  cent,  of  ash. 
The  best  sample  of  Collie  coal  was  about  equal  for  heating  purposes 
to  the  average  coals  of  New  South  Wales  and  Victoria.  Mr.  Wood- 
ward also  examined  the  south-western  portion  of  the  colony  with 
a  view  to  the  discovery  of  fresh  coalfields,  but  he  found  no 
indications  of  any  valuable  deposits  there.  He  gives,  however,  an 
interesting  sketch  of  the  geological  history  of  the  south  coast, 
explaining  the  formation  of  the  thin  beds  of  sandy-brown  coal, 
which  have  given  rise  to  some  hopes  that  workable  coal  would  be 
i'ound  in  that  part  of  the  colony. 

II. — PALiEONTOLOGY  OF  NeW  YoRK,  VoL.  VIII,  PaRT  II  :  AN  INTRO- 
DUCTION TO  THE  Study  of  the  Genera  of  the  Paleozoic 
Braghiopoda.  By  Jabies  Hall,  assisted  by  John  M.  Clarke, 
Albany.  New  York,  1894,  4to,  pp.  394,  plates  xxi-lxxxiv 
(Charles  Van  Benthuysen  and  Sons). 

THIS,  we  regret  to  learn,  forms  the  concluding  volume  of  the 
**  Palaeontology  of  New  York,"  a  fine  series  forming  part  of  "  The 
Natural  History  of  New  York,"  inaugurated  by  Governor  W.  H.  Seward 
during  his  administration  1839-42.  In  1843  Prof.  James  Hall 
was  placed  in  charge  of  the  palaeontology,  and  he  has  numbered 
many  now  well-known  geologists  and  palaeontologists  among  his 
assistants  in  the  State  Geological  Survey  during  his  half  century  of 
Directorship.  In  a  preface  dated  Albany,  December  1894,  he  gives 
an  interesting  account  of  the  history  and  vicissitudes  of  this  great 
work.  Mr.  J.  M.  Clarke  joined  in  1886,  and  aided  in  the  prepara- 
tion of  volumes  vii  and  viii,  which  latter  was  published  in  two 
parts  as  an  "  Introduction  to  the  Study  of  the  Genera  of  Palaeozoic 


ReviewB — Paksoniology  of  New  York.  37 

Bnehiopoda.*'     The  text  of  tbe  second  part,  just  issued  complete, 
ku  already  been  noticed  in  this  Magazine,^  as  it  was  circulated  in 
twofatoiouli  among  students  on  account  of  the  long  delay  interposed 
Iq  the  printing  of  the  plates,  now  most  happily  accomplished.    They 
form  a  magnificent  series,  over  sixty  in  number,  with  many  hundreds 
of  beautifal  figures  illustrating  the  Palaeozoic  Spiriferidee,  Ehyncho- 
Dellidse,  and  primitive  Terebratulidae,  skilfully  delineated  by  former 
UBistants,  Mr.  B.  P.  Whitfield  and  Mr.  E.  Emmons,  and  finely  litho- 
graphed by  Mr.  P.  Ast.     Each  plate  is  accompanied  by  descriptious 
ind  legend,  with  a  textual  reference  facilitating  comparison.   Nearly 
468  preparations  of  internal  structure  were  made  by  Prof.  Clarke 
for  this  volume.    Two  figures  are  given  on  pi.  Ixxxiv — figs.  3-^  and  \^6 
-H>f  the  new  genus  Tor^nifer,  of  which  but  a  single  fragment  is  known. 
It  bears,  however,  the  critical  structure  which  separates  it  from  other 
genera.     The    type,  T,  critieus,  is  from  the  Lower  Carboniferous 
St  Louis  group  of  La  Rue,  Kentucky.     This  genus,  **  wiUi  general 
relations  less  atbyroid  than  orthoid,"  was  thus  briefly  described  in 
ibe  •*  Annual  Keport  of  the  State  Geologist  of  New  York  "  for  1893, 
p.  943,  voL  ii.  Palaeontology :    **  The  shells  atbyroid  in  external 
ttpeot,  but  with  a  well-defined  cardinal  area  and  a  distinct  spon- 
dylinm  in  the  pedicle  valve  supported  by  a  median  septum."     The 
systematic  classification   finally    adopted    has    also    been    already 
epitomized.'     We  now  quote  in  full  a  frank  additional  statement 
appended  on  page  385^  (vol.  viii,  pt.  ii). 

"The  preceding  table  of  Classification  of  the  Brachiopoda  is  pre- 
sented with  many  reservations  and  in  deference  to  the  general  opinion 
expressed  by  brachiopodists  at  the  present  time ;  but  the  author 
believes  that  it  is  not  the  grouping  which  will  be  finally  sustained. 
While  much  of  it  is  an  expression  of  the  natural  relations  and  suc- 
cession of  types,  there  are  some  portions  which  are  not  satisfactory. 
There  seems  a  more  natural  succession  in  the  line  of  the  Peuta- 
lueroids  through  the  Amphigenidae  and  the  Kensseloeridse  to  the 
Centronellidaj  than  directly  from  the  Ehynchonellidae.  There  is  also 
quite  as  much,  or  more,  reason  for  believing  the  Khynchonellids  to 
lie  the  progenitors  of  the  spire-bearing  forms  than  that  they  are  the 
progenitors  of  the  loop-bearing  forms.  The  Rhynchonelloid  type 
began  early,  is  persistent  and  abundant  through  all  the  Palaeozoic 
faunas,  and,  although  the  transition  from  these  forms  to  the  loop- 
bearers  may  be  considered  the  more  simple,  there  is  yet  much 
required  to  show  the  natural  succession,  which  is  more  completely 
accomplished  from  the  Pentameroids  to  the  loop-bearing  forms 
through  Amphigenia  and  Rensselceria.  That  the  brachia  of  Rhyu- 
chonellids  may  unite  and  form  a  loop  seems  a  very  natural  inference, 
and  in  some  forms  is  nearly  accomplished.  It  would  appear  that  in 
the  Zygospiroids,  which  have  externally  a  Rhynchonelloid  aspect,  the 
loop  is  completed  by  the  formation  of  a  jugum ;  but  it  goes  still 

»  Geol.  Mao.,  Dec.  Ill,  Vol.  X,  No.  353,  p.  618,  Nov.  1893. 
lind,,  Dec.  IV,  Vol.  I,  No.  358,  p.  172,  April  1894. 
Ibid.,  Dec.  IV,  Vol.  II,  No.  369,  pp.  103-113,  March  1895. 

»  Gbol.  Mao.,  Dec.  IV,  VoL  II,  No.  369,  pp.  103-113,  March  1895. 
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farther,  and  from  the  junction  of  these  crura  are  continued  in  one  01 
two  volutions.  If  such  conditions  occur  in  the  older  forms  of  th( 
Zygospiridaa,  there  is  no  apparent  reason  why  they  may  not  occui 
elsewhere  among  the  various  spire-bearing  genera  which  have  1 
Ehynchonelloid  aspect,  and  it  seems  a  much  more  natural  inference 
that  the  development  should  have  been  in  the  Hue  of  the  Eetziids 
or  Khynchospiridaa." 

These  remarks  coincide  with  the  genuine  philosophic  spirit  whicl 
has  tliroughout  characterized  a  work  which  not  only  fitly  illustrate; 
the  Natural  History  of  New  York  State  in  long  past  ages,  but  formi 
a  valuable  addition  to  knowledge  of  the  Brachiopoda  in  general,  an< 
one  which  cannot  fail  to  exert  an  important  influence  on  futun 
researches  throughout  the  world.  It  is  given  to  few  to  witness  th< 
satisfactory  completion  of  a  great  work  conceived  over  half  a  oentun 
ago,  and  we  offer  the  veteran  State  geologist  and  palaK>ntologist  0 
New  York  our  heartiest  congratulations  on  the  successful  terminatioi 
of  his  lifelong  labours.  ^ 

The  Brachiopoda  of  the  early  jCambrian  faunas  of  the  St.  Johi 
group.  New  Brunswick,  have  also  been  studied  with  care  by  Mr 
(i.  F.  Mathew,  who  has  described  and  figured  several  species  ii 
a  valuable  memoir  entitled  "  The  Protolenus  Fauna,"  communicate( 
to  the  Transactions  of  the  New  York  Academy  of  Sciences  in  Marcl 
of  the  past  year.' 

Mr.  S.  S.  Buckman  gave  some  instructive  "  Notes  on  certaii 
Brachiopoda"  from  the  Secondary  deposits  of  England  in  his  pape 
**  On  the  Bajocian  of  the  Mid-Cotteswolds,"  contributed  to  the  Geo 
logical  Society  of  London' — serial  studies  of  considerable  importance 
chiefly  relating  to  Rhynchonelloids. 

Lastly,  the  number  of  genera  and  species  of  recent  Brachiopod 

has  been  augmented  by  Mr.  W.  H.  Dall,  who  has  described  an 

figured  several  interesting  forms  dredged  in  deep  water  during  th 

•*  Albatross"  expedition,  "chiefly  near  the  Hawaiian  Islands,  wit 

illustrations  of  hitherto  unfigured  species  from  North-west  America, 

in  the  Proceedings  of  the  United  States  National  Museum.*     Thi 

paper  defines  Frieleia — a  new  genus  of  the  Rhynchonellidse,  wit 

H  spondylium  and  a  smaller  number  of  brachial  coils  than  are  presen 

in  Hemithyrts,  to  which  genus  it  bears  most  external  resemblanc< 

It  also  clears  up  misconceptions  relating   to   previously  describe 

forms  such  as  FrentUa  Jeffrey  sit,  and  gives  valuable  data  on  specifi 

development  .  ^ 

'^  Agnes  Crane. 

^  We  learn  from  a  cosmopolitan  list  compiled  by  Mr.  J.  M.  Clarke  that  46 
pnblications,  relating  to  the  Geology  and  Palaeontology  of  the  State  of  New  Yorl 
were  is8ued  by  various  authors  during  the  years  1876  to  1893  inclusive. 

*  Vol.  xivj'pp.  101-163,  pis.  i  and  ii. 

'  Quart.  Joum.,  vol  Ii,  pp.  445-462,  pi.  xiv,  August  1895. 

*  Vol.  x^-ii,  pp.  713-733,  pis.  xxiv,  xxx-xxxii.     fieport  xxxiv. 


Revieics — Triasstc  Cephalopodn,  East  Siberia.  39 

m.— Tbiadisohk  Ckphalopodenfaunen  deb  Ostsibirisohrn  Eus- 

TKNPROViNZ.     Von  Dr.  Rabl  Dienrr,  in  Wien.     Mit  5  Tafeln. 

Blemoires  du  Comite  G^ologique.    Vol.  XIV,  No.  3.     St.  Peters- 

bourg,  1895. 
The  Tbiassic   Cephalopod  Fauna   of  the  Coast    Pbovincb  of 

East  Siberia.     By  Dr.  Karl  Diener,  of  Vienna. 

IN  several  localities  on  the  Muravief  peninsula,  not  far  from  the 
well-known  Russian  naval  station  of  Vladivostook,  some  out- 
crops of  Triassic  rooks  have  lutely  been  discovered  by  the  Eussian 
geologist  D.  L.  Ivanow,  which  contain  a  series  of  Cephalopods, 
which  are  described  aud  figured  in  this  memoir  by  Dr.  Diener. 
A  particular  interest  attaches  to  some  of  these  fossils,  since  they 
show  definite  relations  to  the  Cephalopods  in  the  Triassic  rooks  of 
the  Himalaya,  now  also  being  critically  worked  out  by  the  same 
palsontologist. 

The  Siberian  forms  indicate  two  distinct  horizons.  The  newer  of 
these,  which  apparently  is  of  the  age  of  the  Muschelkalk,  consists 
of  a  dark,  rusty- weathering  sandstone,  containing  Monophyllites 
tichoticuSf  sp.n..  Ply  chiles,  sp.,  and  Acrochordiceras,  sp.  The  occur- 
ruDoe  of  these  together  in  the  same  beds  is  noteworthy,  since  both 
ill  Spitzbergen  and  in  the  Himalaya,  Monophylliles  more  especially 
characterizes  the  lower  division  of  the  Muschelkalk  and  Ftychites 
tlie  upper. 

The  large  majority  of  the  Cephalopoda  are,  however,  from  a  dis- 
tinctly Lower  IViassic  horizon  ;  they  are  nearly  all  casts  in  a  very 
bird,  light-gray,  calcareous  sandstone.  They  comprise  the  following : 
Nautilus  sp.  aflf.  N.  qnadrangulo,  Beyr.,  Orthoceras  sp.  aff.  0.  Pmw- 
jabiensi,  Waag.,  Orthoceras  sp.  aff.  0.  campanili,  v.  Mojs. ;  Dinarites 
Idtiplicatus,  sp.n.,  Ceratites  minuins^  Waag. ;  Danubites  Nicolaif  sp.n., 
Iknnhites,  sp. ;  Ussaria  Schmara^  gen.  et  sp.n.,  U.  lonnowiy  sp.n., 
Pseudonageceras,  gen.n.,  sp.ind.,  Proptychites  acntisellatus,  sp.n., 
P'  hiemaiis,  sp.n.,  Proptychites,  sp.,  P.  otoceratoides,  sp.n.,  Xenaspis 
orientalisj  sp.n.,  Ophicerns  cf.  Sakuntala,  Dien.,  Meekoceras  boreale^ 
sp.n.,  Meekoceras,  sp.,  M.  (Kingites)  Varaha,  sp.n.,  M,  (Koninckites) 
tejitentrionale,  sp.n. 

The  Ammonites  in  the  above  list  chiefly  belong  to  the  Liostraca 
division  ;  the  Trachyostraca  forms  constitute  but  a  small  minority. 
As  regards  numbers,  the  genus  Proptychites  is  the  best  represented, 
and  the  author  proposes  to  distinguish  the  beds  by  the  name  of  this 
genus,  which,  it  may  be  noted,  is  also  very  abundant  in  the  lower 
divisions  of  the  Trias  in  the  Salt  Range.  Whilst  these  VI ad ivos took 
beds  have  no  species  in  common  with  the  Triassic  Olenek-beds  of 
North  Siberia,  they  contain  two,  if  not  three,  species  of  Ammonites 
and  a  species  of  Nautilus,  eitlier  identical  with  or  closely  related  to 
forms  in  the  O/oceras-beds  of  the  Himalaya,  and  the  author  concludes 
that  they  may  be  regarded  as  belonging  to  the  same  horizon  of  the 
Lower  Trias  as  these.  This  is  lower  than  the  Olenek-beds,  and,  in 
fact,  the  0/oc«ra«-beds  represent  the  oldest  Cephalopod  fauna  of  the 
Trias.  The  reoognition  of  this  marine  zone  of  the  Lower  Trias  on 
the  Pacific  coast  is  an  interesting  and  important  addition  to  our 
knowledge  of  the  distribution  of  this  formation.  Q.  3.  B.. 
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L-_November  20, 1895.— Dr.  Henry  Woodward,  F.K.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  **  Additional  Notes  on  the  Tarns  of  Lakeland."  By  J.  E. 
Marr,  Esq.,  M.A.,  F.R.S.,  Sec.  G.S. 

This  paper  is  supplementary  to  one  by  the  author  published  in 
the  Q.J.G.S.,  vol.  li  (1895).  He  gives  additional  notes  on  Watered- 
bath  Tarn ;  describes  Hard  Tarn  on  Helvellyn,  a  pond  whose  outlet 
has  gradually  been  diverted  from  a  course  over  screes  to  one  over 
solid  rock ;  Hayeswater,  a  lakelet  referred  to  by  Dr.  H.  R.  Mill  as 
in  some  respects  intermediate  between  the  mountain -tarns  and  the 
valley-lakes ;  and  Angle  Tarn,  Patterdale,  a  good  example  of  a 
plateau-tarn.  The  results  of  his  fresh  observations  tend  to  confirm 
the  views  expressed  in  his  former  paper. 

2.  "Notes  on  the  Glacial  Geology  of  Arctic  Europe  and  its 
Islands.— Part  L  Kolguev  Island.  By  Col.  H.  W.  Feilden,  F.GS. ; 
with  a  "  Report  on  the  Erratic  Boulders  from  the  Kolguev  Beds," 
by  Prof.  T.  G.  Bonney,  D.So.,  LL.D.,  F.R.S.,  F.G.S. 

Kolguev  Island,  about  the  size  of  Norfolk,  lies  about  50  miles 
from  Arctic  Russia  and  about  130  miles  south-west  of  the  nearest 
part  of  Novaya  Zemlya,  with  soundings  not  exceeding  30  fathoms 
between  it  and  Russia,  and  probably  not  mgre  than  75  fathoms 
between  it  and  Novaya  Zemlya.  It  is  entirely  composed  of  a  vast 
accumulation  of  glacio-marine  beds.  The  northern  two-thirds  of  the 
island  consists  of  an  elevated  ridged  area  with  a  maximum  height  of 
250  feet.  The  author  has  been  furnished  with  notes  by  Mr.  Trevor- 
Battye  concerning  the  geology  of  this  region.  It  is  inferred  from  his 
observations  that  this  elevated  region  is  composed  of  beds  of  sand 
with  erratic  boulders  not  less  than  80  feet  deep,  resting  on  clays — 
the  "Kolguev  Clays."  Mount  Bolvana  rises  as  a  symmetrical  cone 
above  the  tundra,  detached  from  the  northern  plateau,  pointing,  in 
the  opinion  of  the  author,  to  the  occurrence  of  marine  erosion. 

The  southern  portion  of  the  island  is  tundra,  a  dead  flat  of  grass, 
bog,  and  peat-levels  reaching  to  the  sea ;  good  sections  of  the 
Kolguev  Clays  are  exposed  in  the  gullies  traversing  it  near  the  sea  on 
the  western  coast.  In  the  vicinity  of  the  Gobista  river  the  Kolguev 
Beds  consist  of  clays  merging  here  and  there  into  sands.  They  are 
charged  with  boulders  often  ice-scratched,  indicating  continuous 
deposition  in  a  comparatively  deep  sea.  The  beds  yielded  many 
shells  of  Arctic  mollusca,  such  as  Saxicava  arctica,  Mija,  eta, 
apparently  dispersed  from  top  to  bottom.  The  ice-j)ack  has  forced 
many  fragments  of  semi- fossil  wood  on  to  the  shore,  no  doubt 
worked  up  from  a  bed  immediately  below  sea-level.  No  deposit 
was  met  with  in  Kolguev  Island  precisely  similar  to  what  is  called 
"Till"  in  Scotland,  though  there  are  many  Boulder-clays  in  Britain 
which  are  in  no  measure  superior  in  toughness  to  those  of  Kolguev — 
for  instance,  those  of  the  Yorkshire  coast  and  the  Chalky  Boulder- 
clays  of  Norfolk. 
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It  18  suggeBthre  that  all  the  glacial  deposits  met  with  hy  the 
antbor  in  Arctio  and  Polar  lands  (except  the  terminal  moraines  now 
forming  above  sea-level)  should  be  glacio-marine  beds. 

Prof.  Bonney  in  his  report  describes  the  rocks  brought  home  by 
the  aathor.  They  include  granite-gneiss  (very  like  Archsean  rocks), 
grit,  chert,  limestone  with  Favosites  (Silurian  or  Devonian),  lime- 
stone with  Amphipora  ramosa  (Devonian),  limestone  with  Litho* 
ttrolion  irregulare  (Carboniferous),  and  a  fragment  of  a  Jurassic 
belemuite.  The  fossils  have  been  examined  by  Mr.  E.  T.  Newton, 
F.K.S. 

II.— December  4, 1895. — Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  "On  the  Alteration  of  certain  Basic  Eruptive  Hocks  from 
Brent  Tor.  Devon."     By  Frank  Rutley,  Esq.,  F.G.S. 

Two  microscopic  sections  of  rocks  occurring  on  the  north  side  of 
Brent  Tor  were  examined,  and  a  cursory  glance  suggested  at  once 
the  idea  that  they  might  originally  have  consisted  to  a  greater  or  less 
extent  of  extremely  vesicular  basalt-glass.  No  unaltered  vitreous 
matter,  except  perhaps  mere  traces,  can  now  be  detected  in  these 
specimens,  the  interest  of  which  lies  in  the  assemblage  of  alteration- 
products  which  they  contain.  A  third  section  cut  from  a  small  cliip 
Collected  at  the  southern  side  of  the  base  of  the  Tor  consists  of 
a  highly  vesicular  lava  of  a  hyalopilitic  character,  which  may  be 
regarded  'as  an  amygdaloidal  glassy  basalt. 

The  author  gives  a  detailed  account  of  the  microscopic  characters 
of  the  three  sections,  and  discusses  the  history  of  the  rocks,  com- 
paring them  with  Tertiary  basic  glass,  and  with  the  Devonian  rocks 
of  Caut  Hill,  which  he  described  previously.  He  brinj^s  forward 
evidence  in  favour  of  the  view  that  the  orijjjinal  alteration  of  both 
the  Brent  Tor  and  Cant  Hill  rocks  was  palagonitic;  and  that  while 
in  the  Brent  Tor  rocks  the  subsequent  alteration  of  the  palagonite 
into  felsitic  matter,  magnetite,  8econ<lary  felspar,  epidote,  and  pro- 
hably  kaolin,  and  some  serpentine  and  chlorite,  was  complete,  it  was 
only  partial  in  the  case  of  the  Cant  Hill  rocks.  We  may,  therefore, 
assume  tliat  pabigonite  is  not  the  ultimate  phase  of  alteration  in 
basic  igneous  rocks. 

2.  "  The  Mollusca  of  the  Chalk  Rock  :  Part  I."  By  Henry  Woods, 
Esq.,  M.A.,  F.G.S. 

In  the  introductory  part  of  the  paper  the  author  gives  an  account 
of  the  characters,  distribution,  and  literature  of  the  Chalk  Kock. 
He  points  out  that  the  Chalk  Rock  fauna  may  be  recognized  at  the 
8^me  level  in  Northern  France,  N.W.  Germany,  Saxony,  Silesia,  and 
Ischemia ;  and  on  account  of  the  wide  distribution  and  distinctive 
features  of  this  fauna,  he  suggests  that  the  Chalk  Rock  merits 
a  palaeontological  rather  than  a  lithological  designation,  and  pro- 
poses for  it  the  t«rm  **  zone  of  Heteroceras  reuaaianum." 

The  main  part  of  the  paper  is  devoted  to  the  consideration  of  the 
Cephalopoda,  Gasteropoda,  and  Scaphopoda  ;  and  is  based  largely 
on  the  collection    from    Cuckhamsley   (Berks)   made   by  the  late 
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Mr.  Montagu  Smith ;  but  for  the  loan  of  many  specimens  the 
author  is  indebted  to  Mr.  R.  M.  Brydone,  Mr.  C.  Griffith,  Mr.  W. 
Hill,  Dr.  J.  Morison,  and  Mr.  James  Saunders.  In  addition  to 
some  genera,  of  which  sufficiently  good  examples  for  exact  deter- 
miuation  have  not  yet  been  ohtained,  the  following  are  repre- 
sented :  Nauiilu8f  Piychoceraa,  Beieroceras,  Batuliies,  Prionoeyclm, 
Pachydiseus,  Scaphitea,  Crioeeraa,  Emargintdaf  Pleurotomaria,  Trochus. 
Turbo,  Crepidula,  Natica,  Cerithium,  Aporrhais,  Avellana,  and 
Ventalium,  Some  new  species  are  described,  and  the  synonym) 
and  distribution  of  the  others  treated  in  detail,  figures  and  descrip- 
tions being  given  of  the  forms  not  previously  well  known.  Th« 
account  of  the  Lamellibranchd  and  the  general  conclusions  an 
reserved  for  Part  II. 


III. -December  18,  1895.— Dr.  Henry  Woodward,  F.R.S.,  Presi 
dent,  in  the  Chair.     The  following  communications  were  read  : — 

1.  "The  Tertiary  Basalt- plateaux  of  North-western  Europe."  B3 
Sir  Archibald  Geikie,  D.Sc.,  LL.D.,  F.R.S. 

The  author  in  this  paper  gives  the  results  obtained  by  him  in  th( 
continued  study  of  Tertiary  Volcanic  Geology  in  the  seven  yean 
which  have  elapsed  since  the  publication  of  his  memoir  on  *'Th< 
History  of  Volcanic  Action  during  the  Tertiary  Period  in  the  Britisl 
Isles."  His  researches  have  embraced  the  western  islands  0 
Scotland,  St.  Eilda,  and  the  Faroe  Islands. 

(1)  In  an  account  of  the  rocks  of  the  basalt-plateaux  attention  ii 
particularly  directed  in  this  paper  to  a  type  of  banded  basic  lavai 
which  play  an  important  part  in  the  structure  of  the  volcanic  dis 
tricts  both  of  the  Inner  Hebrides  and  of  the  Faroes.  The  bandinj 
sometimes  consists  in  layers  of  more  highly  vesicular  structure 
sometimes  in  alternations  of  distinctly  different  lithological  cha 
racter,  such  as  close-grained  basalt  and  more  coarsely  crystallin* 
dolerite.  These  banded  rocks  are  more  particularly  developed  ii 
the  lower  portions  of  the  volcanic  series.  At  a  distance  they  migh 
be  mistaken  for  tuffs  or  other  stratified  deposits.  They  occup 
a  conspicuous  place  in  the  great  precipices  of  the  west  and  north  u 
the  Faroe  Islands. 

Numerous  examples  are  cited  of  the  ending-off  of  basalt-sheets  ii 
different  directions,  indicative  of  many  local  vents  from  which  th 
lavjis  issued.  An  account  is  also  given  of  tuffs  and  other  stratifie 
intercalations  which  occupy  a  subordinate  place  in  the  structure  c 
the  plateaux. 

(2)  A  number  of  examples  is  given  of  the  volcanic  vents  whic 
form  a  characteristic  feature  of  the  basalt-plateaux.  A  remarkabl 
row  of  five  such  vents  was  met  with  by  the  author  at  the  base  c 
the  great  cliffs  on  the  west  side  of  Stromo,  in  the  Faroe  Islandi 
They  are  occupied  with  agglomerate,  and  their  saucer-shaped  oratei 
have  been  filled  in  by  successive  streams  of  lava  from  neighbouriu 
vents,  the  whole  being  buried  under  the  great  pile  of  basalt-sheet 
forming  the  island  of  Stromo. 

An  instance  of  similar  structure  is  described  from  Portree  Baj 
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the  agglomerate  in  ibis  case  being  connected  witb  a  tbick  and  wide* 
spread  sbeet  of  tuff  intercalated  among  tbe  basalts.  Another  example 
is  cited  from  the  east  end  of  the  island  of  Canna,  where  the  ejected 
volcanic  blocks  are  associated  with  records  of  contemporaneous 
river-action. 

(3)  The  paper  describes  in  some  detail  the  evidence  for  the  flow 
of  a  large  river  across  the  lava-fields  during  the  time  when  volcanic 
activity  was  still  vigorous.  Thick  sheets  of  well-rolled  gravel  are 
intercalated  among  the  basalts  of  the  islands  of  Canna  and  Sanday. 
These  masses  of  detritus  consist  mainly  of  volcanic  material,  but 
they  include  also  abundant  pieces  of  Torridon  Sandstone  and  rooks 
from  the  Western  Highlands.  The  current  of  water  which  trans- 
ported them  certainly  came  from  the  east.  That  it  flowed  while  the 
volcanic  vents  continued  in  eruption  is  shown  by  the  bands  of  tuff 
and  tbe  large  blocks  of  slag  contained  in  the  conglomerates,  as  well 
&8byebeet«  of  vesicular  basalt  interstratified  in  the  same  deposits. 
From  the  terrestrial  vegetation  whereof  the  macerated  remains  are 
enclosed  in  the  tuffs  and  shales,  and  from  the  entire  absence  of 
marine  organisms,  it  may  be  confidently  inferred  that  the  water  was 
that  of  a  river.  The  large  size  of  many  of  the  rounded  blocks  that 
were  swept  along  proves  that  this  river  must  have  been  of  con« 
fciderable  volume  and  rapidity.  The  stream  probably  drained  some 
part  of  the  Inverness-shire  Islands,  and  wandered  over  the  volcanic 
plain,  following  the  inequalities  of  the  lava-fields,  sweeping  away  the 
loose  detritus  of  volcanic  cones,  and  being  continually  liable  to  have 
iU  course  altered  by  fresh  volcanic  eruptions.  An  interesting  section 
is  cited  from  the  island  of  Sanday,  where  what  appears  to  be  a  portion 
of  the  ravine  of  one  of  the  tributaries  of  this  river,  trenched  in  the 
basalts,  filled  with  coarse  shingle  and  buried  under  later  basalts, 
remains  in  a  picturesque  sea-stack. 

(4)  Many  additional  details  are  given  to  illustrate  the  structure 
and  behaviour  of  the  basic  sills  which  are  so  abundantly  developed, 
especially  at  the  base  of  the  plateaux.     Some  of  these  sheets  are  of 
colossal  proportions,  as  in  the  Shiant  Isles,  where  a  single,  columnar 
bed  is  500  feet  thick.      Others  descend  to  extremely  minute  pro- 
portions, such  as  the  slender  layers  and  threads  which  have  been 
injected  into  the  coal  and  shale  between  the  lower  basalts  in  the 
Portree  district.      A  remarkable  instance   of  a  sill   traversing  the 
centre  of  another  is  cited  from  the  south-east  of  Skye,  the  younger 
sheet  having  a  strongly  developed  skin  of  black  glass  on  its  upper 
and  under  surfaces.     One  of  the  most  striking  instances  of  a  sill 
rising  obliquely  across  a  thick  mass  of  the  plateau- basalts  is  described 
from  Stromo  in  the  Faroe  Islands. 

(5)  The  author  adds  some  additional  particulars,  more  especially 
from  Skye  and  St.  Kilda,  to  his  published  account  of  the  dykes 
which  have  taken  so  important  a  place  in  the  origin  and  structure 
of  the  plateaux. 

(6)  Further  observations  are  narrated  regarding  the  great  bosses 
of  gabbro  in  the  Inner  Hebrides.  In  particular,  the  peculiar  banded 
structure,  already  described  from  a  part  of  the  Cuillin  Hills,  is  shown 
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to  have  a  wide  distribution  in  Skje,  and  to  occar  also  in  Rum. 
The  remarkable  alteration  of  the  plateau-basalts  as  they  approach 
the  gabbros  of  Loch  Scavaig  is  referred  to,  and  the  microscopio 
structure  of  these  metamorphosed  rocks  is  described  in  notes  supplied 
to  the  author  by  Mr.  A.  Harker.  An  account  is  also  given  oF  the 
gabbros  of  St.  Kilda,  which  display  a  considerable  variety  of  texture 
and  composition  and  include  basalts  and  dolerites. 

(7)  The  author,  having  been  able  to  visit  St.  Kilda,  describes  the 
junction  of  the  granophyre  of  that  remote  island  with  the  basalts 
and  gabbros.  Ue  brought  away  a  series  of  specimens  and  photo- 
graphs which  demonstrate  that  the  acid  rock  has  been  injected  into 
the  basic  masses,  traversing  them  in  veins  and  enclosing  angular 
pieces  of  them.  The  granophyre  is  precisely  like  that  of  Skye  and 
Mull,  and  is  traversed  by  veins  of  finer  material,  as  in  these  islands. 
Where  it  has  penetrated  the  basic  rocks  it  sometimes  forms  a  kind 
of  breccia-matrix  in  which  the  pieces  of  dark  material  are  enclosed. 
It  has  taken  up  a  certain  quantity  of  the  basalt  or  gabbro,  as 
is  shown  by  the  abundant  brown  mica  and  hornblende  which  have 
been  developed  in  the  acid  rock,  especially  round  the  enclosed  basalt 
fragments.  The  results  of  a  microscopic  examination  of  thin  slices 
of  the  rock  at  the  junction  are  furnished  by  Mr.  Harker. 

From  Skye  examples  are  given  of  triple  dykes  and  sills,  wherein 
a  central  band  consists  of  granophyre  or  spherulitic  felsite,  while 
the  two  marginal  bands  are  of  basalt,  diabase,  or  other  basio 
material.  There  does  not  appear  to  be  any  ascertainable  connection 
between  the  acid  and  basic  parts  of  such  compound  intrusions.  In 
some  cases  the  basic,  in  others  the  acid,  portion  is  the  older. 

(8)  An  account  is  given  of  the  little  islet  of  Hysgeir,  about 
18  miles  to  the  west  of  the  island  of  Eigg,  which  has  been  identified 
by  Dr.  Heddle  with  the  rock  of  the  Scuir  of  Eigg,  and  which  the 
author  has  visited  in  two  successive  years.  The  "  pitchstone "  is 
precisely  like  that  of  the  Scuir  down  to  the  most  minute  structure, 
as  is  shown  by  an  examination  of  the  rock  under  the  microscope 
by  Mr.  Harker.  There  can  be  little  doubt  that  this  rock  was 
a  superficial  lava  like  that  of  Ei<rg,  and  there  seems  every 
probability  that  it  is  really  a  westward  continuation  of  the  Scuir. 
The  Hysgeir  pitchstone  everywhere  slips  under  the  sea,  so  that  its 
bottom  cannot  be  seen. 

(9)  By  way  of  illustrating  the  probable  history  of  the  basaltic 
plateaux  of  North-western  Europe,  the  author  gives  a  short 
summary  of  the  results  of  recent  investigations  of  the  modem 
volcanic  eruptions  of  Iceland,  especially  by  Th.  Thoroddsen  and 
A.  Helland.  He  shows  in  how  many  ways  the  phenomena  of  that 
island  explain  the  facts  which  are  met  with  in  the  study  of  our 
Tertiary  plateaux,  and  how,  in  some  respects,  the  enormous 
denudation  of  these  plateaux  throws  light  on  parts  of  the  mechanism 
of  the  Icelandic  volcanoes  which  are  still  buried  under  the  erupted 
material. 

(10)  Beference  is  made  to  the  evidence  of  considerable  terrestrial 
movement  since   the  Tertiary  volcanic  period,  as  shown   by  the 


Oorrespandence — Mr.  O.  TT.  Lamplugh.  45 

tilting  of  large  sections  of  the  plateaux  in  different  directions,  and 
also  by  the  existence  of  actual  faults.  Besides  the  normal  faults, 
which  are  not  infrequent  among  the  Western  isles,  there  occur 
among  the  Faroe  Islands  instances  of  reversed  faults,  which  probahly 
indicate  disturbance  of  a  more  serious  character. 

(11)  The  concluding  section  of  the  paper  deals  with  the  effects  of 
denudation  on  the  plateaux.  With  possibly  some  minor  intervals 
of  partial  depression,  the  present  Tertiary  volcanic  tracts  of  the 
British  and  Faroe  Isles  have  remained  as  land  ever  since  the  volcanic 
period.  Their  valleys  were  probably  begun  before  the  close  of  the 
eruptions,  and  these  hollows  have  been  continuously  widened  and 
deepened  ever  since.  The  result  is  a  stupendous  memorial  of  the 
potency  of  the  agents  of  geological  waste.  While  the  Inner 
Hebrides  abound  in  most  impressive  illustrations  of  this  denudation, 
they  are  inferior  in  that  respect  to  the  Faroes.  The  long  level  lines 
of  basalt-sheets  furnish,  as  it  were,  datum-lines  from  which  the  extent 
of  erosion  can  be  estimated  and  even  measured.  There  is  certainly 
no  other  area  in  Europe  where  the  study  of  the  combined  influence 
of  atmospheric  and  marine  denudation  can  be  so  admirably  prose- 
cuted, and  where  the  imagination,  kindled  to  enthusiasm  by  the 
contemplation  of  such  scenery,  can  be  so  constantly  and  imperiously 
controlled  by  the  accurate  observation  of  ascertainable  fact. 

2.  "Tlie  British  Silurian  Species  oi  Acidaspisy  By  Philip  Lake, 
Esq.,  M.A.,  F.G.S. 

In  this  paper  descriptions  are  given  of  those  species  of  Actdaspta 
in  the  Silurian  of  Britain  which  have  hitherto  been  incompletely 
described.  The  British  forms  are  compared  with  those  from  the 
same  system  in  Sweden  and  Bohemia.  Five,  out  of  nine,  are 
represented  by  the  sauie  or  very  closely  allied  species  in  Sweden  ; 
two  in  Bohemia.  All  the  Swedish  forirls  except  one  are  represented 
in  Britain,  and  one  in  Bohemia  as  well  as  in  Britain. 


THE   FORMATION   OF  CHALK  BOULDERS. 

Sir. — I  venture  to  think  that  the  difficulties  of  the  diminishing 
group  of  geologists  who  still  reject  the  land-ice  origin  of  the  chief 
part  of  our  British  drift-deposits  will  not  be  greatly  lessened  by 
the  two  very  interesting  papers  in  your  last  Number — tliat  by 
Prof.  G.  A.  J.  Cole  on  "The  Destruction  of  the  Chalk,"  and 
bj  the  liev.  E.  Hill  on  "  East  Anglian  Boulder-clay."  Tliere  is  this 
common  objection  to  both  papers,  as  indeed  to  most  of  the  arguments 
put  forward  to  support  the  marine  origin  of  the  drifts,  that  while  it 
is  quite  possible  to  ascribe  certain  observed  phenomena  to  the  action 
of  floating  ice,  it  is  quite  impossible  to  explain  thus  the  whole 
group  of  facts  presented  by  any  district  which  is  carefully  and 
thoroughly  examined.  The  *  extreme  glacialist,*  on  the  other  hand, 
claims  that  the  presence  of  an  extensive  ice-sheet,  with  its  necessary 
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accompaniment  in  this  latitude  of  heavy  streams  and  flood-waters, 
does  afford  a  sufficient  explanation  of  all  the  known  facts. 

The  landslips  of  Chalk  on  the  Antrim  coast,  described  by  Professor 
Cole,  seem  to  me  insufficient  even  to  account  for  the  masses  of  Chalk 
in  the  Drift  at  Cromer,  it  is  quite  certain  that  the  explanation  will 
not  apply  to  the  masses  of  Upper  and  Lower  Lias  shale  which 
occupy  similar  positions  amid  the  Basement  Boulder-clay  in  Filey 
Bay  and  at  Bridlington  in  Yorkshire,  nor  to  the  patch  of  Speeton 
clay  which  has  surmounted  the  Chalk  of  Flam  borough  Head,  nor  to 
the  isolated  shreds  of  sea-bottom  and  fresh-water  deposits  contained 
in  the  Boulder-clay  in  numerous  localities  on  the  same  coast. 

The  position  and  character  of  these  masses  render  the  landslip 
theory  quite  inapplicable  to  them ;  yet  their  position  is  so  closely 
analogous  to  that  of  the  Chalk  boulders  of  Cromer  that  we  are 
compelled  to  suppose  a  common  method  of  transportation. 

There  is  a  slight  inaccuracy  of  fact  in  the  Bev.  E.  HilFs  paper, 
which,  though  not  of  much  importance  as  it  stands,  may  as  well  be 
corrected  at  once  lest  it  reappear  unexpectedly  as  a  corner-stone  in 
the  argument  of  another  writer  on  the  subject.  After  mentioning 
that  chalk-drift  is  found  in  Leicestershire  up  to  800  feet,  the  author 
adds,  **  which  is  far  higher  than  any  Northern  Chalk."  But  the 
Chalk  Wolds  in  Yorkshire  rise  to  slightly  over  800  feet  in  Gktrrowby 
Hill  (808  feet),  and  continue  for  several  miles  in  that  vicinity  to 
reach  elevations  of  between  750  and  800  feet. 

'"''^il'i^^Is^^r G-  W.  Lamplugh. 

ZONES  OF  THE  CARBONIFEROUS. 

Sib, — British  palzeontologists,  as  well  as  stratigraphical  geologists, 
will  welcome  the  news  of  Messrs.  E.  J.  Garwood  and  J.  E.  Marr 
(Geol.  Mao.,  Dec.  IV,  Vol.  II,  pp.  650-552,  December,  1895), 
that  there  is  some  hope  of  dividing  the  British  Carboniferoas 
Limestone  into  zones.  But,  when  they  direct  the  attention  of  local 
observers  to  note  the  accurate  horizons  and  localities  of  fossils,  why 
should  they  pass  by  the  numerous  Crinoidea  of  our  own  Mountain 
Limestone  as  unworthy  of  special  attention?  From  a  study  of 
these  animals  in  North  America,  many  divisions  and  correlations 
have  been  made  in  the  beds  there  called  **  sub-Carboniferous,"  and 
the  biological  results  obtained  have  been  most  valuable.  But  in 
Britain,  as  I  pointed  out  some  years  ago,  a  true  palasontology  of 
our  numerous  Carboniferous  Crinoidea  remains  impossible  so  long 
as  all  specimens  are  labelled,  like  the  vast  majority  of  those  in  our 
rich  national  collection,  "Carboniferous  Limestone,  Yorkshire?" 
I  am  certain  that  attention  to  the  Crinoidea  would  render  results 
quite  as  important  as  those  to  be  derived  from  **  the  Corals,  Trilobites, 
Brachiopods,  and  Cephalopoda  " ;  and  if  the  committee  referred  \o 
will  only  accept  my  services,  I  shall  be  pleased  to  have  the  ohanco 
of  examining  any  specimens  which  have  attached  to  them  labels  of 
Bcientiiic  value.  F.  A.  Batheb. 

British  Museum  (Nat.  Hist.),  Zrd  Dectmber,  1985. 
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PniOXEXE    AXD    SERPENTINE    IN    ASSOCIATION   WITH   EOZOON 

CANADENSE. 

81B, — I  fear  thai  in  mj  short  notice  of  the  rock  containing  Eozoon 
It  Cote  St  Pierre,  which  was  printed  in  last  year's  Volume  (p.  292), 
I  niiKt  ha^e  failed  in  clearness  of  expression,  since  my  friend 
Sir  William  Dawson,  in  his  interesting  defence  of  "the  animal 
satare  of  Eozoon,"  says  (p.  505)  there  "seems  to  he  no  good 
eTidenoe  that  any  portion  of  the  pyroxene  has  heen  changed  into 
terpentine."  But  of  that,  as  I  endeavoured  to  intimate  on  parts 
of  pages  297  and  298,  I  have  as  good  evidence  as  is  possible. 
Mj  slices  show  every  stage  from  an  unaltered  pyroxene  (allied  to 
malaoolite)  to  serpentine.  In  one  slice,  where  the  "  canal-system  " 
is  well  preserved,  a  few  residual  bits  of  pyroxene  remain  among 
the  serpentine;  in  all  the  close  resemblance  of  the  silicates  indicates 
an  identity  of  the  origin,  which  can  be  proved  in  the  case  of  some. 
His  sa^estion  that  the  pyroxene  may  have  originated  from  local 
showers  of  volcanic  dust  seems  to  me  not  very  probable.  Grains 
or  crystals  of  pyroxene  are,  no  doubt,  ejected  in  fair  abundance 
from  certain  volcanoes,  but  in  company  with  basaltic  scoriae.  It  is 
difficolt  to  understand  how  the  latter  could  be  sifted  from  the 
former,  and  if  this  has  not  been  done,  what  has  become  of  the 
ahnndant  aluminous  silicate?  True,  there  is  a  little  white  mica 
in  the  crystalline  limestone,  but  not  enough  to  represent  the  ash 
even  of  a  Limburgite.  Moreover,  I  believe  the  augite  of  a  basalt 
is  generally  the  aluminous  variety.  Perhaps,  however,  he  would 
appeal  to  an  eruptive  peridotite.  Here  almost  all  the  material 
would  ultimately  produce  serpentine;  but,  then,  volcanoes  discharging 
only  olivine  augite  slag  are  extremely  rare ;  indeed,  I  should  hardly 
like  to  say  as  yet,  notwithstanding  Kimberley,  that  their  existence 
has  been  proved.  T.  6.  Bonnet. 

SWEDISH    GRAPTOLITES. 

Sir, — The  November  Number  of  the  Geological  Magazine 
contains  the  conclusion  of  an  English  translation  of  Dr.  G.  Holm's 
paper  "  On  Didymograpins,  Tetragraptus,  and  PhyUograptus"  upon 
which  I  trust  you  will  allow  me  to  make  the  following  remarks : — 

Speaking  of  laograptus  gihherultis,  Nich.,  sp.  (or,  as  he  prefers  to 
term  it,  JDidymograpiuB  gihherxdus).  Dr.  Holm  quotes  a  previous 
paper  of  mine,  in  which  I  have  treated  of  this  matter.  In  that 
paper  I  stated  in  the  very  beginning,  in  direct  terms,  that  the  fossil 
in  question  has  two  stipes.  Further  on  a  sicular  appendage  is 
mentioned  which,  at  a  long  distance  from  the  sicula,  is  not  incon- 
Bi'ierably  widening. 

Now  we  have  to  remark  that  Hall  (in  his  "Graptolites  of  the 
Quebec  Group  ")  has  figured  some  specimens  of  Teiragraptus  Bigshyt, 
Hal],  80  placed  on  the  slab  that  two  stipes  are  wholly  visible,  while 
you  can  only  see  the  profile  of  a  third.  Such  a  stipe  affords  some 
^ery  remote  resemblance  to  the  appendage  described,  and  in 
order  to  avoid  the  suspicion  that  my  observations  had  been  based 
Jipon  specimens  preserved  in  a  similar  manner,  I  have  appended 
iu    a    footnote     this    remark:     "Since    this    dilatation    (of    lU^ 
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sicular  appendage)  never  takes  place  except  much  outside  the 
surrounding  stipes,  it  is  almost  impossible  to  make  the  mistake  of 
considering  the  appendage  as  part  of  a  third  branch."  This 
statement  was  singularly  misinterpreted  by  Dr.  Holm  in  his  paper 
'^On  Didymograptus,  etc."  But,  as  I  thought  I  had  expressed 
myself  pretty  clearly,  and  did  not  fear  that  any  other  Swedish 
reader  might  misunderstand  the  meaning,  after  having  privately 
pointed  out  his  error  to  Dr.  Holm,  I  did  not  think  it  called  for 
any  public  reply.  I  was  therefore  not  a  little  astonished  at 
finding  that  in  the  English  version  my  statement  was  still  further 
misrepresented.  The  English  reader  must  be  convinced  that  my 
assertions  on  two  consecutive  pages  are  contradictory.  But  my 
statement  in  the  before-mentioned  footnote  is,  as  everyone  can  see, 
in  full  accordance  with  the  views  presented  on  the  preceding  pages, 
and  totally  contrary  to  the  version  given  by  Dr.  Holm. 

Hoping  shortly  to  find  time  for  working  out  a  description  of  an 
interesting  Graptolite-type,  which  I  have  met  with,  I  will  for  the 
present  refrain  from  making  any  further  remarks  about  the  genus 
Isograptus,  which,  I  believe,  should  still  be  maintained. 

Lund,  8th  December,  1895.  JoH.  Chr.  MoBKRO. 
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Further  Notes  on  Eozoon  Canadensb  by  Sir  "Wm.  Dawson,  C.M.G. 

Note  to  Second  Article. —  I  should  have  mentioned  in  this 
article  that  Dr.  F.  D.  Adams  has  shown,  by  comparison  of  a  number 
of  detailed  analyses,  that  several  of  the  gneisses  of  the  Greuville 
Series  have  the  chemical  composition  of  PalsBozoic  slates,  and  thus 
that  there  can  be  no  chemical  objection  to  regarding  them  as  altered 
sediments.  This  I  consider  a  very  important  observation ;  and 
I  may  refer  for  details  to  his  paper  in  the  American  Journal  of 
Science,  July  1895,  vol.  l,  p.  58. 

Note  to  Third  Article. — The  tubes  penetrating  some  of  the 
larger  specimens  of  Eozoon  may  perhaps  be  compared  with  the 
central  canal  in  the  modem  Carpenieria, — W.D. 

Sections  of  Bunter  and  Eeupbr,  etc. 

During  the  construction  of  the  Seacombe  branch  of  the  Wirral 
Railway  the  strata  have  been  examined  by  Mr.  T.  W.  Davies  and 
Mr.  T.  Mellard  Keade.  Sections  of  Bunter,  Keuper,  and  Glacial 
Drift  are  described  by  them.  They  note  evidences  of  denudation 
of  the  Bunter  prior  to  the  accumulation  of  the  Keuper.  The  Glacial 
Drift  was  found  to  comprise  two  beds  of  Boulder-clay  separated  in 
places  by  sand.  In  the  Lower  Clay  abundant  Foraminifera  were 
discovered,  while  but  few  occurred  in  the  Upper  Clay.  {Proc 
Liverpool  Geol,  SoCj  vol.  vii,  part  3.) 

Mr.  R.  Bullen  Newton  is  continuing  his  useful  work  on  the 
Eocene  Mollusca,  and  has  described  a  number  of  Gasteropods  which 
have  hitherto  received  only  MS.  names.  {Proc,  Malacological  Soc, 
voL  i,  part  7.) 
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I.— 0»   DiKKS    OF    OUOOCENB    SaNDSTONK   IN  THE   NeOCOMIAN   ClAYS 

OF  TBE  District  of  Alattr,  in  Kussia. 

By  Dr.  A.  P.  Pavlow, 
Professor  of  Geology  in  the  University  of  Moscow. 

(PLATE  V.) 

THE  part  of  the  province  of  Simbirsk  lying  to  tbe  north  of  Alatyr, 
in  tbe  angle  between  the  Soura  and  the  Alatyr  rivers,  is  formed 
of  Lower  Cretaceous  strata,  chiefly  Neocomian  clays,  covered  by 
Bouliler-clay  (which  is  not  rich  in  boulders),  and  part  by  Glacial 
and  -iKolian  sands.  The  same  Neocomian  clay  expands  widely  to 
the  south  and  to  the  east  from  the  town  of  Alatyr.  Upon  the 
northern  border  of  the  Alatyr  valley,  and  on  the  right  side  of  the 
Soora  river,  these  clays  are  covered  by  ancient  alluvial  sands, 
deposited  probably  at  the  time  when  the  great  ice-sheet  dammed 
the  course  of  the  Soura  in  the  lower  part  of  its  valley,  and  caused 
(X)lossal  overflowings  of  its  waters,  the  traces  of  which  are  preserved 
in  the  great  masses  of  alluvial  sands  covered  with  fir  wood,  and 
much  resembling  the  "  Haidesand  "  of  Northern  Germany. 

Only  to  the  south-west  of  Alatyr,  at  a  distance  twenty  kilom., 
commences  the  region  of  the  Upper  Cretaceous  beds,  covered  by 
sands  and  quartz-sandstones  without  fossils,  defined  as  Tertiary 
from  their  resemblance  to  the  Tertiary  sands  and  sandstones  of 
the  southern  parts  of  the  province  of  Simbirsk.  A  small  outlier 
of  these  sauds  is  preserved  also  at  a  point  to  the  north-west  of 
Alatyr  at  the  same  distance. 

I  have  been  well  accpiainted  with  these  general  features  of  the 
geological  structure  of  the  region  since  my  geological  researches  in 
this  country  in  1887.  In  1892  I  was  once  more  in  Alatyr,  during 
the  construction  of  a  bridge  across  the  Soura  river  for  the  Moscow- 
Kazan  railroad.  Mr.  N.  Th.  Ditmar,  a  mining  engineer  then  attached 
to  this  railroati,  had  drawn  my  attention  to  the  sandstone  brought 
by  the  countrymen  of  a  neighbouring  village,  Yavley,  which  they 
found  ID  a  ravine  ending  in  the  Soura  near  this  village.  We  went 
with  Mr.  Ditmar  to  this  ravine,  which  cuts,  from  west  to  east,  the 
liigli  left  border  of  the  Soura  valley,  and  I  saw  at  a  distance  of 
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about  three  kilos,  from  Yavley  yillage  a  rare  stratigraphical  phen< 
menon — a  vein  of  sedimentary  rock  which  had  filled  up  a  nearl 
vertical  fissure  in  another  sedimentary  rook,  just  as  we  see  volcan 
veins  generally  do. 

To  distinguish  such  veins  and  dikes  from  volcanic  veins  an 
dikes,  I  shall  venture  to  call  these  cases  by  the  brief  appellation  < 
Neptunic  veins  or  Neptunic  dikes. 

The  rock  forming  the  Neptunic  dike  of  Alatyr  turned  out  to  I 
a  quartz  sand  mixed  with  glauconitio  grains ;  the  sandstone  foun 
here  by  the  countrymen  once  formed  a  dike  jutting  out  towards  tl 
ravine,  and  was  only  the  locally  indurated  portions  of  this  sam 
At  the  time  of  my  visit  all  these  indurated  portions  of  the  dike  ha 
been  already  worked  out.  The  remaining  vein  of  sand,  or  ver 
friable  sandstone,  cut  a  horizontRlly  stratified  mass  of  dark  gre 
and  black  Neocomian  clay,  containing  some  gypsum  and  occasions 
beds  of  fine  glauconitic  sand  with  pyritic  nodules.  The  soft  cla^ 
were  well  exposed  quite  up  to  the  vein,  and  showed  no  trace  ( 
induration.  Tlie  thickness  of  the  vein  varies  between  12  and  1 
inches,  its  position  is  nearly  vertical  or  slightly  inclined  (abot 
10-15  degrees)  towards  W.S.W.,  and  its  strike  is  about  N.  15°  W 
i.e.  nearly  parallel  to  the  general  direction  of  the  Soura  in  tL 
neighbouring  part  of  its  course.  From  the  direction  of  the  ravir 
and  from  the  vein  being  artificially  cleared  away,  it  was  possib! 
to  see  the  vein  exposed  at  both  sides  of  the  ravine.  To  follow  tl 
direction  of  the  vein  further  across  the  land  was  impossible,  owin 
to  the  superficial  drift,  as  well  as  to  the  brushwood  and  forest  < 
half-grown  trees  which  covered  the  neighbouring  land.  Fig. 
represents  the  vein  cropping  out  at  the  left  side  of  the  ravine,  an 
^Q.  2  the  same  at  the  right  side.  The  countrymen  told  us  the 
have  found  several  sandstone  veins  in  this  ravine,  but  when 
visited  the  place,  only  one  was  to  be  seen,  the  others  being  probabi 
concealed  beneath  the  landslips  and  the  superficial  detritus. 

The  sandstone  got  from  the  dike  occasionally  includes  sma 
fragments  of  dark  clay  detached  from  the  rock  forming  the  wal 
of  the  dike,  and  is  rather  rich  in  fossils,  well  preserved  but  difficu 
to  get  from  the  hard  rock.  Shells  of  Pectunculus  predomina 
among  them. 

I  have  previously  defined,  in  1892,  a  small  number  of  speci 
as  characteristic  of  the  Lower  and  partly  Middle  Oligocene.^  Sim 
that  time  our  knowledge  of  the  Lower  Oligocene  Mollusca  h] 
been  much  increased,  especially  by  the  publication  of  the  last  par 
of  the  important  Monograph  of  Prof.  A.  von  Koenen,'  and  it  hj 
been  possible  for  me  to  verify  and  rectify  my  former  determination! 
and,  moreover,  last  summer  I  have  had  an  opportunity  of  showiii 
the   fossils   of    this   sandstone   to   Prof.   A.   von.   Koenen,  and  < 

1  Comptcs  rendu  des  travaux  du  Comity  Geologique  en  1892,  p.  10.  Bull,  i 
Coniite  Geolo^que,  T.  xii. 

"^  Das  N(>rddeut*«cho  Unter-Oligoceu  und  seine  Mi>llnsken-Fnuna,  Lief.  V,  189J 
Lief.  VI,  1894.  Abh.  zur.  Geol.  Specialkarto  v.  Preussen  und  den  Thiiringisclu 
Staat^n,  Bd.  X.  heft.  b-(6. 
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ling  myself  of  his  advice  and  bis  large  and  fine  collections. 
.  Yon.  Koenen  also  i*ecognized  the  fauna  of  Yavley  as  Lower 
ooene.     I  am  able  now  to  give  the  following  list  of  the  fossils 
lis  fauna  : 
oluta  suturalia  Nyst 
ectunculua  i^nuisuleaiua  v.  Koenen. 

ttarie  Boaqueti  Hyst  (v.  Koenen),  or  another  very  closely  allied 
ies  differing  from  Aaiarte  Bosqueti  only  by  the  lateral  teeth 
g  somewhat  shorter. 

strea ;  many  small  specimens  partly  resembling  young  specimens 
)8trea  flabelltUa,  and  partly  like  the  young  of  Oatrea  QueteleU 
t  (v.  Koenen). 

uaday  of.  BowerbanJcii  Wood  (non  Dixon). 
atica,  cf.  hantonienais  Pi  Ik. 

draaj  probably  a  new  species  allied  to  Aciraa  anguata  (v. 
Den). 

ises  are  well  known  in  which  small  bands  of  sedimentary  rock 
)  been  jammed  between  rocks  of  another  geological  age.  Such 
rrences  have  been  observed  in  several  countries  by  many 
3gists.  especially  in  regions  broken  by  numerous  and  compound 
ts,  as  for  instance,  in  the  cases  of  the  bands  and  pieces  of  Jurassic, 
aceous  and  Tertiary  rocks  jammed  between  the  Triassic  rocks  of 
lie  Germany. 

lie  Neptiinic  dike  of  Alatyr  cuttinpj  an  area  of  undisturbed 
ification  cannot  be  compared  with  such  tectonic  wedges,  to  which 
r,  indeed,  the  term  Neptunic  dike  cannot  strictly  speaking 
ipplied.  We  are  acquainted  with  other  types  of  veins  or 
ets  cutting  sedimentary  strata  and  filled  by  another  sedimentary 
ragmental  mass ;  such  are  the  veins  and  pockets  in  the 
aceous  Limestone  between  Lausanne  and  Yverdon  in  Switzer- 
(Poches  siderolitiques  of  Mouremont).  Of  similar  character 
he  veins  and  dikes  in  the  Carboniferous  Limestone  of  the  eastern 
er  of  the  Mendip  Hills  filled  by  yellow  marly  conglomerate 
.  Triassic  fossils.  In  the  same  country  (near  Holwell,  about 
miles  from  Frome)  there  are  still  more  interesting  dikes  cutting 
the  Carboniferous  Limestone,  formed  of  Liassic  conglomemte 
I  marine  fossils.  These  latter  were  described  by  Mr.  Charles 
re  in  the  Quart,  Journ.  of  Geol.  Soc,  vol.  xxiii,  1867.  They 
)  been  considered  as  fissures  in  the  Carboniferous  Limestone, 
n  that  rock  formed  first  a  shore  pounded  by  the  breakers  of 
Liassic  sea  and  afterwards  the  fioor  with  open  fissures  of  this 
sic  ocean. 

mdstone  dikes,  more  or  less  closely  resembling  our  Alatyr  dike, 
)  been  described  by  many  authors.  Thus  Mr.  H.  Strickland 
ins.  Geol.  Soc.  Ser.  ii,  vol.  v,  p.  599)  has  described  four  dikes 
strating  into  Lias  shale  at  Ethie,  near  Cromarty  in  Koss-shire, 
rhich  two  are  parallel  to  the  stratification  of  the  Lias  shale,  but 
other  two  send  oflf  branches  in  various  directions ;  no  fossils 
B  been  noticed  in  the  substance  of  the  dikes,  and  the  period 
nsertion  of  the  sand  into  the  fissures  is  undeterminable.     Mr. 
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W.  CrvitA  d*a*cnli«*  «BalL  G€oL  Soc  of  Ameriot,  toL  t,  p.  225) 
intn]«iT«:  sA&>ij^rijDe  dikes  in  grmnite  Gccnrring  in  the  Pikes  Peak 
r^rspon  ifi  Colorado;  no  forssiU  were  foond  in  the  sandstone,  the 
*^/iirr.-e  or  ^nd  and  tLe  time  of  its  in:ni5ion  not  being  defined. 
Mr.  J.  .S,  r/ill^e-r  refers,  in  Bull.  Geol.  Soc  uf  Amerioa,  vol.  i,  p.  439, 
Uj  tL^iT.y  other  cftfies  of  f^ndsTone  dike*  discovered  in  many  oonntries 
■  \>\  (I'll.  Darwin  in  California,  by  J.  D.  Dana  in  Oregon,  by  Jr  D. 
^Vhitrey  in  California,  by  W.  J.  McGee  in  eastern-central  Mississipi). 

Tlje  features  which  distingnish  the  Neptnnic  dike  of  Alatyr  from 
the  aUA'-r-rnentioned  are  that  the  rock  in  which  it  is  enclosed  is  soft, 
while  the  rook  forming  the  dike  itself  is  in  some  places  a  bard 
sand  Atone,  and  in  others  a  friable  sand. 

(hit  AUtyr  dike  more  closely  resembles  the  sandstone  dikes  catting 
Cret.'ic^rr^^i,  shales  in  the  north-western  border  of  the  Sacramento 
vall'-y  in  California,  carefully  described  by  Mr.  J.  S.  Diller.*  These 
sandbtorie  dikes,  which  are  ex[K)sed  in  the  valleys  of  several  streams 
tribiitarv  to  Cottonwood  creek,  strike  to  the  north-east,  are  more  or 
\*:^.H  parallel  one  to  another,  and  in  catting  the  shales  are  inclined 
Ai/'  to  th^'  north-east.  The  thickness  of  these  dikes  varies  from  two 
to  fourteen  or  twenty  inches,  and  the  largest  dike  is  fifteen  feet  thick. 
The  Mnd.^tone  forming  the  dikes  is  more  or  less  homogeneons,  and 
frwju'rTitly  includes  small  fragments  of  shale  along  their  borders. 
I'lie  Mliah.'S  which  contain  the  sandstone  dikes  are  covered  by  the 
newer  formations  of  the  Sacramento  valley.  In  explaining  the 
origin  of  these  dikes  Mr.  Diller  calls  attention  to  certain  phenomena 
frequently  af^HOciated  with  earthquake  movements.  Thus,  during 
the  ^reat  Calabrian  earthquake  of  1783  many  fissures  were  formed 
in  the  ground,  and  from  some  of  them  great  quantities  of  sand  and 
water  ishiied.  After  the  flow  ceased,  the  openings  were  left  full  of 
sand.  Similar  phenomena  accompanied  the  earthquakes  of  New 
Madrid,  Missouri  in  1811-1813,  of  Valparaiso  in  1822,  of  Sonora  in 
1887,  etc. 

The  formation  of  a  system  of  parallel  fissures  by  earthquakes,  and 
their  lK*ing  filled  with  sand  forced  up  from  below  is,  according  to 
Mr.  Diller's  view,  a  phenomenon  identical  with  the  formation  of  the 
HAndstone  dikes  of  Sacramento  region,  these  dikes  thus  being  a  record 
of  ancient  f^artlKjuake  movement.  A  sandy  bed  of  the  same  Cretaceous 
HerieH,  cropping  out  from  under  the  shales  which  are  cut  by  the 
dik(!K,  about  Heven  miles  westward  of  the  principal  group  of  dikes, 
iH  ronhidered  to  be  the  source  of  the  sand  in  the  dikes.  Thus, 
ac(u»rding  to  Mr.  Dillcr*s  view,  the  sand  is  carried  up  by  an  ascending 
current  of  water  from  a  lower,  i.e,  from  a  more  ancient  bed.  In  the 
abHenw?  of  fossils  it  was  scarcely  possible  to  prove  this  positively. 

\h  Huoh  an  explanation  applicable  to  our  case?  We  must  reply 
in  tho  negative.  Our  case  makes  it  possible  to  give  a  somewhat 
different  explanation.  Our  conditions  are  more  favourable,  fossils 
being  j>reserved  in  the  rock  forming  the  Neptunic  dike  of  Alatyr. 
It  can  positively  be  decided  whether  the  sandstone  of  the  dike  .is 

»  Hull,  of  the  Geol.  Soc.  of  America,  1889,  vol.  i,  pp.  411-442. 
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older  or  newer  than  the  rook  which  encloses  it.  The  facts  are  that 
the  clay  cat  by  the  dike  is  of  Lower  Cretaceous  age,  while  the 
nndstone  of  the  dike  is  Tertiary,  or  to  speak  more  strictly,  Oligo- 
cene, and  therefore  considerahly  newer.  The  sand  must  then  have 
been  intruded  into  the  clay  not  from  helow  hut  from  ahove.  Now 
let  08  consider  what  were  the  circumstances  of  the  formation  of 
the  dikes. 

The  formation  of  the  fissures  long  hefofe  their  infilling  and  the 
ilow  accumulation  of  sands  in  them,  such  as  may  have  occurred  in 
the  case  of  the  fissures  in  the  Carhoniferous  Limestone  of  the 
Mendips,  cannot  be  considered  as  prohahle,  the  clay  being  soft  and 
the  sandstone  homogeneous,  and  the  latter  having  none  of  the 
characters  of  a  slowly  accumulated  deposit.  We  must  conclude, 
therefore*  that  the  fissure  was  opened  and  quickly  filled  with  the 
Band  which  was  on  the  spot  ready  to  fill  it. 

We  can  represent  to  ourselves  the  march  of  events  in  the  region 
of  Alatyr  before  and  after  the  formation  of  these  dikes  somewhat  as 
follows. 

The  Lower  Cretaceous  sea  deposits  here  a  thick  mass  of  clays 
interstratified  with  beds  of  glauconitic  sand.  The  existence  of 
Bault  in  the  neighbourhood  shows  that  these  conditions  were  con- 
tinued also  into  the  Gault  period.  We  may  also  suppose,  with  all 
probability,  that  during  part  of  the  Upper  Cretaceous  time  this 
was  a  littoral  part  of  the  sea,  because  the  northern  boundary  of 
the  Upper  Cretaceous  beds  does  not  pass  far  from  here  to  the 
south.  After  Upper  Cretaceous  times,  the  region  becomes  dry 
land,  and  the  Upper  Cretaceous  and  Gault  deposits  are  exposed  to 
denudation.  A  new  transgression  of  the  sea  begins  in  the  Lower 
Oligocene  time,  during  which  the  Oligocene  sea  covers  the  Lower 
Cretaceous  clays  and  lays  down  its  sandy  sediments  on  their  surface. 
While  this  Oligocene  sand  was  still  not  too  thick,  an  earthquake 
occurs  an<l  the  seismic  fissures  tear  the  floor  of  the  sea,  penetrating 
into  the  Neocomian  clay ;  and  the  Oligocene  sand,  containing  many 
shells,  quickly  fills  up  the  fissures.  After  a  time  the  level  of  the 
sea  falls,  the  dry  land  reappears  in  the  region,  the  process  of 
denudation  recommences,  and  the  Tertiary  strata  disappear  almost 
entirely  from  the  country.  In  Quaternary  times  a  marginal  part 
of  the  great  ice-sheet  passes  through  the  country,  and  the  old 
alluvial  sands  are  deposited  on  the  lower  parts,  and  we  should  never 
We  known  that  the  Oligocene  sea  once  covered  this  region,  if 
a  little  sample  of  its  sediment  had  not  escaped  destruction  by 
being  concealed  deep  in  the  fissures  of  the  sea  fioor. 

If  this  explanation  be  correct,  we  have  here  an  interesting  in- 
stance of  the  means  by  which  nature  notes  the  events  of  her  history. 
The  earthquake  breaks  for  a  moment  the  regular  march  of  events, 
and  the  sea  with  its  sandy  floor  becomes  for  the  occasion  a  seismo- 
graph, and  notes  this  event  and  the  time  at  which  it  took  place. 
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II.— On  a  Hkoent  Borinq  ih  the  Tbias  at  Stbatfobd-ok-A 

By  Horace  T.  Bkowjc,  F.R.S.,  F.G.S.,  F.C.S. 

THE  question  of  the  water  supply  of  the  town  of  Stratford 
Avon  has  for  years  past  presented  many  difficulties, 
town  is  situated  on  the  uppermost  beds  of  the  Upper  Ke 
Marls,  and  the  water  derived  from  the  wells  sunk  in  t 
gypseous  marls,  or  from  the  alluvial  gravel  of  the  river  va 
contains  an  amount  of  solids  equal  to  about  170  grains  per  ga 
of  whicli  about  125  grains  consist  of  calcium  sulphate.  U] 
a  very  few  years  ago  this  intensely  hard  water  was  alone  avail 
for  domestic  and  manufacturing  purposes,  but  the  main  suppi 
the  town  is  now  derived  from  catchment  basins  and  reser 
at  Suitter£leld  on  the  adjoining  hills  about  four  miles  nortl 
Stratford.  In  years  of  average  rainfall  a  fair  supply  of  moderc 
soft  water  is  obtained  from  this  source,  but  it  is  one  whicl 
regards  organic  impurity,  bears  unmistakable  signs  of  its  sui 
origin,  and  during  dry  seasons  the  town  supply  has  to  be  8U[ 
mented  with  the  hard  well-water  I  have  already  referred  to. 

Quito  recently  Messrs.  Flower  and  Sons,  who  were  in  se; 
of  a  further  supply  of  water  of  a  softer  character  for  their  Brew 
have  put  down  an  Artesian  boring  through  the  Upper  Kei 
Marls,  and  have  reached  the  Lower  Keuper  Sandstone,  w 
is  found  to  contain  an  inexhaustible  supply  of  water  of  excel 
quality,  and  similar  in  general  composition  to  that  of  the  Leaminj 
water,  which  is  derived  from  the  same  beds  nearer  their  out-c 
at  a  point  about  ten  miles  N.E.  of  Stratford -on- A  von. 

The  position  of  the  boring  is  about  half-a-mile  to  the  nort! 
the  town,  and  is  400  yards  east  of  the  junction  of  the  U] 
Keuper  with  the  Ehaatic  Beds,  the  line  ot  division  here  rum 
almost  north  and  south.  If  this  is  not  a  faulted  junction,  and  tl 
is  no  evidence  of  this,  the  boring  must  commence  very  nearly  at 
top  of  the  Upper  Keuper,  so  that  the  distance  from  the  surfac 
the  ground  to  the  coming  in  of  the  Lower  Keuper  must  approxir 
very  closely,  probably  within  25  or  30  feet,  to  the  total  thicki 
of  the  Upper  Keuper  Marls  in  this  part  of  the  country. 

After  taking  into  consideration  all  the  available  geological  < 
I  considered  it  probable  that  the  Lower  Keuper  Sandstones  w( 
be  reached  at  a  depth  of  650  to  600  feet.  The  actual  depth,  as  ' 
be  seen  from  the  accompanying  section,  was  604  feet. 

The  following  is  a  detailed  section  of  the  boring  taken  fi 
samples  and  data  carefully  obtained  by  the  contractors,  Messrs. 
Timmins  and  Sons,  during  the  progress  of  the  work  : — 

No.  Feet. 

1  Re<l  Marl       45 

2  Red  Marl  and  Gypsum         15 

3  Grey  Marl  and  (xypsum        5 

4  Ked  Marl  and  G^-pfium         83 

6     Plastic  Red  Marl       58 

6  Red  and  Grey  Marl  and  Gypsum 10 

7  Red  Marl  and  Gypsum         9 

8  Grey  Marl  and  Gypsum        20 

9  Red  Marl  and  Gypsum  with  a  little  sand 15 
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No. 

10  Pluftie  Red  Marl      

11  Red  Marlstone  with  beds  of  White  Sandstone 

12  Red  Marl  and  Gypsum         

18  Red  and  Brown  Marlstone  with  a  little  Gypsum   ... 

U  Red  Marl  with  a  little  Gypsum      

15  Brown  Marlstone 

16  Red  Plastic  Marl  with  a  little  Gypsum      

17  Mottled  Red  Marl  with  blue  Teias 

18  Red  and  Grey  Marl 

19  Sandy  Red  Marl       

20  Red  Marl  with  Gypsum       

21  Marlstone      ...        ...        ...        ...        ...        ... 

22  Brown  SMidstona      ...        ... 

23  Grey  Marl      ...         ...        •••        •••         ...        ... 

24  Fine  lifht-red  Sandstone     

25  Grey  Marl      ...        ...        ...        ...        ...        ... 

26  Fine  light-^rey  Sandstone 

27  Grey  Sandstone         ...        •••        ...        ...        •.. 

28  Light  Red  Sandstone  

29  Light  reddish-grey  Sandstone         

30  Grey  Sandstone         

31  Red  Sandstone  ...        

32  Grey  Sandstone         

Bore  terminates  in  No.  32  at  

Summarizing  the  above  details  we  have. 

Upper  Keuper  No8.  1-21  

Lower  Keuper  Nos.  22-32  

Passage  Beds  (Marls  and  Sandstone)  22-25           ...    19 
Sandstones  26-32     181 


r... 

ft.-! 
ft.) 


Feet. 
26 
29 
37 
31 
13 
31 
74 
25 
21 

4 
24 
30 

3 

3 
10 

3 

4 
48 

6 

7 
85 

4 
28 

"boT 
604 

200 


Tlie  whole  of  the  Upper  Keuper  was  perfectly  dry,  but  water  was 
met  with  directly  the  Lower  Keuper  was  touched  at  604  feet.  This 
iucreased  in  quantity  as  the  boring  penetrated  further  into  the 
sandstones,  and  a  supply  of  8.000  gallons  an  hour  is  now  being 
pumped,  without  any  signs  'of  exhaustion.  The  artesian  head  of  the 
water  is  considerable  and  is  sufficient  to  afford  a  natural  flow  of 
1,800  gallons  per  hour  at  a  height  of  50  feet  from  the  surface. 

I  here  append  an  analysis  of  the  water,  and  for  purposes  of 
comparison  have  also  added  the  analysis  of  the  water  of  a  town  well 
»uuk  in  the  Upper  Keuper  Marls.  Bore  Water  Well  in 

Lower  Keuper.       Upper  Keuper. 
(Grains  per  gallon.) 

Sodium  Chloride 

Sodium  Nitrate      ...        •••        ...        ... 

Sodium  Sulphate 

Sodium  Carhonate  .•• 

Potassium  Sulphate 

Magnei^inm  Sulphate        

Majrnesium  Carbonate       ,.. 

Calcium  Nitrate      

Calcium  Carbonate  

Calcium  Sulphate 

*7111CQf  •••  •••  •■•  ■••  ••• 

A1UII11I1&         •••  •■•  •••  •••  ••• 


4-60 

3*12 

0-06 

■  •  • 

6-87 

■  •  ■ 

2-75 

■  •  • 

0-61 

•  •• 

... 

6-95 

1-13 

16-61 

•  •  • 

2-46 

4-41 

•  •  • 

... 

122-60 

0-62 

Trace 

008 

Trace 

2103 


151-64 


Ammonia,  free  and  saline  .... 

Ammonia,  albuminoid 

Oifgen,  absorbed  in  three  hours  ... 


(Parts  per  million.) 

0-10  0086 

Faint  trace  0  046 

0-18  0029 
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Apart  altogether  from  the  question  of  water  supply  there  ar 
several  points  of  considerable  interest  about  this  Stratford-on-Avoi 
boring  to  which  I  must  call  attention. 

In  the  first  place  it  is  noteworthy  that  the  transition  from  the  Lowe 
into  the  Upper  Keuper  faoies  is  much  more  abrupt  than  it  is  i 
Staffordshire,  Leicestershire,  Nottinghamshire,  and  other  localities  i 
which  I  have  had  an  opportunity  of  examining  the  junction.  A 
a  rule  there  is  nothing  like  a  sharp  line  of  demarcation  betwee 
these  two  subdivisions  of  the  Trias  the  Marls  gradually  becomin 
more  predominant  as  we  trace  the  beds  upwards,  and  the  Sandstone 
as  we  trace  them  downwards.  The  line  of  junction  in  mapping  tl 
beils  in  most  parts  of  the  country  is  always  a  more  or  less  arbitral 
one,  but  here  at  Stratford  the  transition  from  Lower  to  Uppe 
Keuper  is  remarkably  sharp,  the  '*  passage  beds  "  (Nos.  22-25)  wil 
alternations  of  Marls  and  Sandstones,  only  occupying  a  thicknei 
of  19  feet. 

To  the  north  and  north-west  of  Stratford,  in  the  neighbourhood  < 
Henley  in  Arden,  there  is  marke<l  on  the  Survey  maps  the  outcrc 
of  certain  beds  of  sandstone  to  which  Mr.  Howell  called  attention  i 
1859  in  his  Survey  Memoir  on  the  Warwickshire  Coalfield.  I: 
describes  these  as  consisting  of  from  15  to  20  feet  of  white  mioaceoi 
sandstones,  alternating  with  bands  of  green  marl,  and  further  states  thi 
they  occur  at  about  250  feet  from  the  top  of  the  lied  Marls  and  3c 
feet  from  their  base.  About  29  feet  of  very  hard  thin  micaceous  ar 
calcareous  sandstones,  corresponding  to  this  description,  were  passe 
through  in  the  Strat  ford-on- A  von  boring  between  290  and  319  fe 
from  the  base  of  the  Upper  Keuper,  which  is  remarkably  close 
the  position  assigned  to  the  the  Upper  Keuper  Sandstone  by  M 
Howell.  The  few  fragments  which  were  brought  up  by  the  borir 
tools  were  searched  for  Estheria  minuta  but  without  success. 

Whether  this  29  feet  of  Upper  Keuper  Sandstones  is  anythir 
more  than  of  local  significance  is  uncertain,  but  there  can  be  i 
doubt  of  the  striking  litholo^ical  similarity  of  the  beds  to  certa 
thin  sandstones  of  the  Upper  Keuper  in  Worcestershire,  Staffordshii 
and  Nottinghamshire,  and  it  is  quite  possible  that  when  we  ha^ 
a  complete  re-survey  of  the  Trias  some  of  the  beds  of  these  varioi 
districts  may  be  correlated.  If  this  turns  out  to  be  the  case  we  sha 
have,  what  is  now  sadly  wanted  by  workers  in  the  Trias,  son 
definite  horizons  in  the  Upper  Keuper  to  which  observations  can  I 
referred  with  certainty. 

The  results  of  the  Stratford  boring  have  an  important  bearing  ( 
the  question  of  the  thinning  out  of  the  secondary  rocks  against  tl 
palseozoic  east  and  west  ridge  which  we  have  reason  to  belies 
underlies  the  secondary  rocks  of  the  southern  counties.  As  far  back  i 
1859  it  was  pointed  out  by  Professor  Hull,  in  a  memoir  on  the  Soutl 
Easterly  Attenuation  of  the  Lower  Secondary  formations  of  Englar 
(Jour.  Geol.  Soc.  xvi,  68),  that  the  direction  of  maximum  attenu 
tion  of  the  Triassic  rocks  is  along  a  line  drawn  S.E.  from  tl 
estuary  of  the  Dee,  and  passing  near  Nantwich,  Stafford,  an 
Warwick.     In  his  subsequent  Survey  Memoir  on  the  Triassic  an 
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Pennian  rooks  of  the  Midland  Counties,  1869,  he  gives  the  following 
estimate  of  the  thiokness  of  the  Keuper  along  this  line : — 

Lancashire  and  Leicestershire  and 

W.  Cheshire.  Staffordshire.    Warwickshire, 

Upper  Keuper  Marls  ...    3,000  ft.  800  ft.  700  ft. 

Lower  Keuper  Sandstone    ...       idO  ft.  200  ft.  150  ft. 

Mr.  H.  H.  Howell  determined  the  thickness  of  the  Upper  Kenper 
Marls  east  of  Coventry  and  Warwick  by  measuring  them  across  the 
ODtcrop  from  their  junction  with  the  underlying  Lower  Keuper 
to  the  overlying  Khaetic.  He  estimated  the  vertical  thickness  at 
600  feet,  and  this  estimate  is  strikingly  confirmed  by  the  results 
both  of  the  Rugby  and  the  Stratford-on-Avon  borings.  The  Hugby 
boring  was  made  in  1861,  and,  on  reaching  the  Lower  Keuper 
Sandstones  at  1,140  feet,  was  abandoned  on  account  of  the  highly 
saline  properties  of  the  water  (see  Rugby  School  Nat.  Hist.  Soc.  Rep. 
1868,  p.  41).  The  Upper  Keuper  Marls  were  reached  at  480  feet 
from  the  surface,  and  were  found  to  be  663  feet  in  thickness. 

Now,  a  line  joining  Rugby  with  Stratford-on-Avon  intersects 
Professor  Hull's  South-Easterly  line  of  maximum  attenuation  almost 
exactly  at  right-angles,  and  we  should  consequently  expect  the 
thickness  of  the  Upper  Keuper  along  this  Rugby-Stratford  line  to  be 
practically  the  same.  Whilst  at  Rugby  the  thickness  is  663  feet,  at 
Stratford-on-Avon  the  new  boring  has  proved  the  Upper  Keuper  to 
be  604  feet  as  a  minimum.  When  to  this  we  add  the  few  feet 
representing  the  very  uppermost  portions  of  the  Keuper  Marls, 
which  are  not  represented  in  the  boring,  and  which  probably 
amount  to  from  25  to  30  feet,  we  find  a  very  remarkable  agreement 
between  the  Rugby  and  Stratford  data. 

South  of  Stratford -on -Avon  the  Trias  has  been  reached  at  two 
places  by  boring.  At  Mickleton  in  Gloucestershire,  eight  miles  due 
S.  the  Upper  Keuper  was  struck  at  1,285  feet,  and  penetrated  for 
67  feet,  when  the  boring  was  abandoned. 

At  Burford,  Witney,  26  miles  S.  of  Stratford,  the  Trias  was 
reached  at  821  feet  from  the  surface,  and  red  beds  to  a  total 
thickness  of  428  feet  were  passed  through  before  the  Coal-measures 
were  entered.  The  available  descriptions  of  these  Marls,  Sandstones, 
and  Conglomerates,  are  unfortunately  so  vague  that  it  is  impossible 
with  any  degree  of  certainty  to  differentiate  the  subdivisions  of  the 
Trias,  or  to  determine  whether  any  portion  of  the  rocks  belong,  as 
in  all  probability  they  do,  to  the  Permian.  The  best  information 
1  have  been  able  to  obtain  is  derived  from  a  paper  by  Mr.  De  Ranee, 
Trans,  of  Manchester  Geol.  Soc,  vol.  xiv  (1877-8),  p.  438.  If  the 
cores  of  this  boring,  which  was  put  down  by  the  Diamond  Rock 
Boring  Company,  are  still  in  existence,  it  is  highly  desirable  that 
the  portion  between  the  Rhajtic  and  the  Coal-measures  should 
be  subjected  to  a  close  examination  by  some  geologist  well  acquainted 
with  the  Trias  and  Permian  of  the  Midland  Counties. 

Mr.  De  Ranee,  from  the  particulars  given  to  him,  estimates  the 
J^ew  Red  Marls  to  be  represented  by  291  feet  of  the  cores. 
Assuming   this    to   be  correct   we  can   now  estimate   the   rate   of 
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attenuation  of  these  beds  between  Stratford  and  Burford,  plac 
lying  26  miles  apart,  on  a  line  running  due  N.  and  8.  As  \ 
have  seen  that  the  maximum  attenuation  takes  place  along  a  lii 
running  N.W.  and  S.E.,  by  drawing  a  line  at  right  angles  to  tL 
(i.e.,  N.E.  and  S.W.)  through  Stratford,  and  letting  fall  a  pe 
pendicular  from  a  point  represented  by  Burford,  we  find  the  leng 
of  this  perpendicular  to  be  about  22  miles,  which  represents  tl 
distance  through  which  the  Upper  Keuper  Marls  have  thinned  o 
from  about  640  feet  to  291  feet  This  gives  about  16  feet  per  mi 
AS  the  true  rate  of  attenuation  between  Stratford -on -A  von  ai 
Burford.  Mr.  De  Hance,  by  the  use  of  Professor  Hull's  dat 
arrives  at  the  conclusion  that  between  the  Liverpool  district  ai 
Warwick  the  Upper  Keuper  thins  out  at  an  average  rate  of  23  fc 
per  mile,  a  rate  which  we  see  is  not  maintained  as  we  get  furth 
south. 

The  Stratford  boring  unfortunately  does  not  give  us  the  thickne 
of  the  Lower  Ketiper,  but  as  this  subdivision  of  the  Trias  w 
penetrated  to  a  depth  of  exactly  200  feet  and  still  maintained  t 
same  characters,  I  think  it  probable  that  it  is  at  least  300  fc 
thick  and  perhaps  more.  It  is  at  any  rate  of  greater  thickness  th; 
the  Lower  Keuper  of  Warwickshire,  where  according  to  Profess 
Hull  it  is  represented  only  by  150  feet  of  rocks.  This  disorepan 
is  probably  due  to  the  loncal  thinning  out  of  the  coarser  sedime 
against  the  older  rocks  of  the  Warwickshire  Coalfield.  We  ha 
a  good  example  of  such  a  local  attenuation  of  the  Trias  on  t 
north-west  side  of  the  Leicestershire  and  South  Derbyshire  Coalfie 
just  East  of  Burton -on -Trent,  where  the  Keuper  thins  out  agaii 
the  Carboniferous  Rocks,  which  here  formed  an  old  coast  line 
early  Triassic  times. 

III. — The  Dbstbuction   and  Shattering  op  the  Chalk  of 

Eastebn  England. 

By  Sir  Hbnry  H.  Howoara,  K.C.I.E.,  M.P.,  F.R.S.,  F.G.S. 

A  SHORT  time  ago  I  read  a  paper  before  the  Geological  Sociel 
of  which  an  abstract  appeared  in  the  Proceedings,  in  whi 
I  discussed  some  questions  of  critical  interest  in  the  geology  of  E^ 
Anglia. 

I  am  more  than  pleased  to  find  that  some  of  the  conclusio 
I  pressed,  and  which  I  had  long  ago  reached,  have  been  discuss 
by  two  such  excellent  geologists  as  Professor  G.  A.  Cole  and  t 
Rev.  E.  Hill,  whose  papers  were  printed  in  the  December  Numl 
of  this  Magazine  (pp.  553  and  ^6B). 

That  the  Chalk  of  Eastern  England  was  originally  laid  down 
horizontal  beds  no  one  will,  I  presume,  deny.  That  since  it  was 
laid  down  it  has  been  folded  and  bent  into  vast  curves,  no  o 
who  has  studied  either  the  surface  contours  or  the  well-borin 
will  venture  to  question.  That  this  folding  of  the  Chalk  ir 
a  series  of  wolds  with  intervening  valleys  must  necessarily,  unl< 
the  Chalk  could  slip  over  its  lower  beds,  have  been  accompani 
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by  enormons  fractures  and  by  the  breaking  up  of  large  portions  of 
it  into  fragments,  is  as  clear  as  any  mechanical  problem  can  be. 

When  we  turn  from  this  d  priori  reasoning  to  the  actual  facts  we 
can  hardly  doubt  that  the  Chalk  of  Yorkshire,  of  Lincolnshire,  and 
of  East  Anglia,  which  now  exists  in  a  disconnected  and  discrete 
form  in  these  three  areas,  was  once  continuous,  and  that  the  vast 
mass  of  chalk  rubble  which  exists  in  the  chalky  clay  of  the  Eastern 
and  Central  Counties  of  England,  is  the  result  of  the  violent  dis- 
integration and  dislocation  of  the  beds  once  occupying  large  areas 
now  denuded  of  their  chalky  covering,  and  notably  of  the  depression 
in  the  Fenland.  This  dislocaticm  and  disintegration  I  hold  to  have 
been  coincident  with  the  spread  of  the  chalky  clay,  and  to  have 
occurred,  not  in  the  older  Tertiary  times,  but  to  have  been  the  very 
last  chapter  of  East  Anglian  geology. 

Let  me  first  partially  clothe  my  heretic  self  in  the  garments  of  some 
orthodox  men.  Professor  Seeley  argues  that  before  the  Drift  began 
a  Cretaceous  barrier  dammed  out  the  sea  from  the  Fenland,  extend- 
ing from  Hunstanton,  in  Norfolk,  to  Wainfleet,  in  Lincolnshire ;  and 
he  further  argues  that  before  the  Drift  began  this  barrier  was  not 
broken  through  (Gbol.  Mao.,  Vol.  Ill,  pp.  1-3).  Mr.  Skertchly 
a^prees  in  this,  and  says  that  before  the  Glacial  age  the  site  of  the 
Fenland  basin  was  very  dififerent  from  its  present  condition.  The 
Chalk  and  other  Cretaceous  and  Neocomian  rocks  stretched  from 
Hunstanton  to  Lincolnshire,  across  what  is  now  the  mouth  of  the 
Wash  (Geology  of  the  Fenland,  p.  217). 

While  the  orthodox  geologists  are  quite  willing  to  allow  this 
considerable  denudation  in  comparatively  recent  times  of  the  Chalk 
country  of  Eeistern  England,  they  mostly  attribute  it  to  the  effects 
of  either  marine  or  fluvial  denudation,  or  to  the  action  of  ice, 
and  do  not  correlate  it  with  the  general  alteration  of  the  contour 
of  the  country  by  which  the  North-and-South-Chalk  Wolds  of 
Eastern  England  were  formed. 

The  following  sentence  in  a  paper  by  Mr.  Horace  Woodward 
condenses  the  current  view  of  the  Uuiformitarians  on  this  point. 
"  Mention,"  he  says,  **  has  previously  been  made  of  the  connection 
of  the  Norfolk  Chalk  with  that  of  Lincolnshire.  In  Miocene  and 
Pliocene  times,  rivers  may  have  commenced  to  erode  their  courses  in 
it,  making  outlets  to  the  sea.  These  actions  (to  quote  Mr.  Skertchly) 
resulted  in  reducing  the  barrier  to  outliers  ;  one  between  the 
Witham  and  the  three  united  rivers  (Wei land,  Nene,  and  Ouse), 
tbe  other  between  that  united  stream  and  the  Little  Ouse.  As 
submergence  went  on,  the  sea  added  its  powers  to  that  of  the 
rivers,  and  finally  the  Chalk  disappeared  entirely.  The  sea  was 
now  brought  directly  in  contact  with  the  widespread  outcrops  of 
the  yielding  Kimmeridge  and  Oxford  Clays,  and  the  denudation  of 
the  Fenland  basin  proceeded  at  a  rapid  pace."  ("  The  Scenery  of 
Norfolk  " :  Trans.  Norfolk  Nat.  Soc,  iii,  445.) 

Mr.  Skertchly  and  others  merely  treat  the  chalk  lumps  as  the 
dehris  of  marine  denudation. 

It  seems  to  me  that  whatever  theory  is  adopted  to  account  for 
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the  chalky  clay  itself  and  its  distribution,  it  is  impossible  to 
attribute  the  disintegration  of  the  chalky  and  oolitic  debris  which  it 
contains  to  any  sach  diarnal  causes  as  are  above  mentioned.  This 
chalky  d6bris  is  nearly  all  angular  or  subangular,  and  absolutely 
different  in  kind  to  any  marine  shingle  or  river  gravel  in  the  world : 
and  those  who  have  handled,  as  I  have  done,  many  thousands  of 
the  lumps  of  the  chalk  (it  is  utterly  wrong  to  call  them  boulders), 
with  their  angular  edges  and  tlieir  contour  like  broken  road-metal, 
cannot,  it  seems  to  me,  without  absolutely  forsaking  all  inductive 
methods,  see  in  them  the  debris  of  marine  or  fluviatile  denudation. 

Not  only  is  the  angular  form  of  the  pieces  of  chalk  incompatible 
with  a  fluviatile  origin,  but  the  great  masses  of  shifted  chalk  and 
oolite,  to  which  I  shall  presently  refer,  are  still  more  so  ;  while  as 
to  the  sea,  not  only  do  these  same  arguments  apply,  but  we  have 
no  trace  iu  the  Fen  country,  or  in  the  valley  of  Axholme  and 
its  borders,  of  the  continued  presence  of  the  sea  there  consistent 
with  slow  marine  diurnal  denudation — no  old  sea  margins  or 
shingle  beds,  no  rounded  pebbles,  except  Tertiary  ones,  and  no 
marine  debris  of  the  kind  we  should  certainly  find,  while  the 
whole  of  the  deposits  are  entirely  different  to  those  of  an  advancing 
or  retreating  sea. 

Other  people  have  in  these  latter  years  attributed  the  breaking 
up  of  the  Chalk  to  the  action  of  ice,  either  to  land-ice  or  icebergs 
or  coast-ice.  Mr.  Jukes-Browne,  Mr.  Uill,  and  others  have  spoken 
strongly  and  well  on  the  subject  of  land-ice,  and  shown  how  ira- 

?ossible  it  is  to  credit  this  stupendous  denudation  to  ice  in  this  form, 
n  addition  to  what  they  say,  we  nowhere  find  glaciers  breaking  up 
their  beds  in  this  way,  not  even  in  Greenland  or  Alaska,  nor  is  it 
credible  that  they  should  do  so  if  the  mechanics  of  the  problem 
are  for  a  moment  considered. 

The  Chalk-stones,  again,  are  quite  different  to  ice-stones  of  all 
kinds  known  to  me,  and  the  occasional  scratches  on  the  pieces  of 
chalk,  which  is  a  very  soft  substance,  would  be  certainly  caused 
by  any  movement  in  which  one  stone  rubbed  against  another. 

Again,  as  to  icebergs,  it  is  forgotten  that  it  is  only  when  grounded 
dynamically  that  they  act  in  the  way  suggested.  When  they  are  floating 
they  are  buoyed  up  by  the  water,  and  their  pounding  action  must 
be  very  slight.  The  intervention  of  coast-ice  has  been  called  in  by 
Mr.  Mellard  Heade  to  account  for  the  long  chalk  masses  in  the 
contorted  drift  at  Cromer,  but  he  overlooks  the  fact  that  similar 
shifted  masses  occur  in  Rutland  and  Lincolnshire  formed  of  the 
local  rocks  there,  where  no  old  sea  cliffs  can  be  postulated. 

Lastly,  the  suggestion  that  rocks  might  under  the  influence  of 
alternate  frost  and  thaw  break  up  into  such  rubble  as  this,  is  again 
completely  contrary  to  all  experience  of  Chalk  known  to  me 
(except  on  exposed  cliffs,  and  even  here  very  slightly  indeed,  as 
we  can  see  by  walking  along  any  of  the  great  escarpments  which 
bound  that  deposit),  nor  can  I  see  how  the  mechanical  process  could 
begin  or  go  on  in  a  substance  with  the  structure  of  chalk.  Besides, 
why  should  the  frost  have  broken  up  the  chalk  in  the  low  Feus 
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and  left  it  intact  in  the  wolds,  where  it  would  be  so  mnch  more 
exposed  to  its  influenoe.     The  position  is  not  arguable. 

TheBe  Tarioas  faots  and  arguments  seem  to  nie  to  converge  upon 
one  conclusion,  namely,  that  the  denudation  of  the  Chalk  and  other 
beds  in  Eastern  England  was  not  and  could  not  be  the  result  of 
diurnal  causes.  Let  us  now  try  and  examine  the  notion  that  the 
min  of  the  Chalk  was  the  result  of  the  breakage  and  disintegration 
of  the  strata  which  occurred  when  the  present  contour  was  given  to 
the  country. 

Firsty  let   us  turn   from   the  chalky  rubble  to  the  well-known 
gigantic  masses  of  chalk  and  oolite  which  occur  occasionally  in  the 
Eastern  Counties,  and  to  which  I  have  referred.    These  have  always 
been  a  crux  to  the  advocates  of  diurnal  methods  of  denudation. 
Bivers  or  sea-waves  can  hardly  move  about  twenty  square  miles  of 
Chalk  en  bloc  over  leagues  and  leagues  of  country,  and  those  who 
believe  that  land-ice  or  glaciers  could  do  this,  must  have  some  special 
acquaintance  with  the  inner  workings  of  ice  which  has  not  been 
given  to  those  who  have  seen  it  at  work  in  its  own  special  home. 
To  me,  who  am  only  a  heretic,  these  great  masses  now  found  detached 
and  isolated  are  not  far- transported  boulders  at  all,  but  are  virtually 
iR  sitdy  the  remains  and  relics  of  the  once  continuous  strata  which 
occupied  the  areas  now  largely  denuded.     If  they  have  been  moved, 
it  has  l)een  a  very  short  distance  and  by  some  tremendous  motive 
force  which  may  have  temporarily  lifted  them  and  underlaid  their 
edges  w^ith  chalky  clay,  but  otherwise  they  are  at  home  where  they 
were  originally  made  and  deposited,  and  are  no  vagabonds   and 
wanderers.     This  conclusion  I  have  long  held,  and  it  seems  to  me 
more  consonant  with  probability  than  any  other.     As  the  matter  is  of 
more  than  usual  importance  I  should  like  to  enlarge  a  little  upon  it. 
Writing  in  description  of  the  Geological  Survey  Map,  Sheet  G-i 
(Butland,    eta),    Mr.   Judd    says:     "The    transported    masses    of 
local    rocks    are    sometimes    of   enormous   size,    especially   in    the 
northern    portion    of  this   area   and    in    that   to    the   south.     The 
attention   of   geologists   was   first   directed    to   these    great   trans- 
j)orted  masses  by  Professor  Morris,  who  found  that  at  the  south 
end  of  the  Stoke  tunnel  on  the  Great  Northern  Railway  an  enormous 
mass  of  the  Lincolnahire  Oolite  limestone  lay  on  undoubted  Boulder- 
day.     During  the  mapping  by  Messrs.  Hollo  way,  Skertcbly,  and 
myself,  of  the  districts  which   T   have  indicated,  we   have  found 
a  Dumber  of  such  transported  masses,  some  of  them  far  exceeding  in 
size  that  described  by  Professor  Morris,  and  composed  both  of  the 
Inferior   Oolite   and    the   Marlstone   rock-bed.      Their    position   is 
indicated  upon  the  Drift  map.     They  always  appear  to  occur  in  the 
lower  part  of  the  Boulder-clay,  and  by  the  denudation  of  the  softer 
surrounding  material  often  make  a  distinct  boss,  rising  above  the 
general  surface.      Stone  pits  are  often  opened  in  them,  and  they 
aometimes  give  off  springs  at  their  base.      The   longest   of  these 
transported  masses,  that  capping  Beacon-hill  in  Sheet  70,  is  more 
than  200  yards  across,  and  is  composed  of  the  Marlstone  rock-bed. 
It  is  noteworthy  that  these  masses  always  belong  to  the  rocks  which 
form  the  highest  ground."     (Geology  of  Kutland,  etc.,  p.  24:6.) 
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When  we  turn  to  Professor  Morris'  paper  on  one  of  these  famb 
boulders,  it  is  interesting  to  see  him  suggesting  that  it  was  n 
a  far- transported  boulder,  bat  in  situ,  or  virtually  in  siiiL 

Professor  Morris,  speaking  of  these  beds  in  Lincolnshire  as  loi 
ago  as  1853,  says  of  the  famous  Ponton  cutting :  "  The  oolites  a 
frequently  dislocated,  the  dislocated  portions  lying  at  high  angles,  ai 
are  very  irregular.  .  .  .  Emerging  from  the  south  end  of  the  tunc 
[at  Great  Ponton]  .  .  •  .  u^e  «e«  the  drift  on  either  side  of  the  cutti 
ouoying  up  an  enormous  irregular  mass  of  oolitic  rock  through  whi 
the  cutting  has  passed.  This  mass  of  rock  is  430  feet  long,  and 
its  deepest  part  30  feet  thick ;  it  is  much  broken  and  disturbed,  b 
the  parts  retain  to  some  extent  their  relative  position,  and  beloi 
to  the  lower  portion  of  the  oolitic  beds  of  this  district  .  .  .  .  T 
depth  of  the  underlying  drift  exposed  at  the  lowest  part  betwe* 
the  broken  rock  and  the  level  of  the  railroad  is  about  seven  fe( 
.  .  .  .  this  great  mass  of  disturbed  oolite,  which,  although  so  distina 
isolated,  retains  sftfficieni  uniformity  of  character  to  lead  us  to  inj 
that  it  has  not  been  far  removed  from  its  original  site"  (Q.  J.G.! 
vol.  Ix,  pp.  318-320.) 

These  great  masses  of  shifted  rock,  of  course,  occur  elsewhei 
The  typical  instances  are  those  in  the  Norfolk  cliffs — that  in  t 
Roslyu  hole  near  Ely,  the  great  Merton  boulder  in  West  Norfolk,  an 
more  remarkable  than  all,  the  great  mass  of  chalk,  twenty  mil 
square,  recently  found  by  Mr.  Cameron  on  the  borders  of  Huntin 
denshire  and  Bedfordshire.  These,  and  such  as  these,  seem  to  r 
to  be  instances,  not  of  vast  transportation,  but  rather  the  remai 
of  once  continuous  strata,  and  closely  allied  to  the  actual  outlie 
found  in  the  county  of  Cambridge,  west  of  the  escarpment  of  X 
chalk,  and  to  testify  to  the  once  continuous  Chalk  having  be< 
dislocated  in  sitH  by  some  far-reaching  subterranean  force. 

Let  us  now  turn  to  the  evidence  that  the  Chalk  has  been 
dislocated  and  broken  in  comparatively  recent  times. 

In  many  places  in  Norfolk  there  have  been  found,  as  is  w( 
known,  evidences,  not  only  of  chalk  quite  disturbed  and  di 
integrated,  and  reduced  to  a  rubbly  condition,  but  also  instanc 
of  its  being  curved  and  tossed  up  on  end.  These  disturbances,  in  tl 
view  of  some  of  the  best  observers,  like  Mr.  Horace  B.  Wood  war 
Mr.  J.  E.  Taylor,  Mr.  C.  Reid,  Mr.  Jukes-Browne,  etc.,  beloi 
to  the  same  date,  and  were  caused  by  the  same  forces  that  made  tl 
Boulder-clay.  As  the  matter  is  one  of  considerable  importance 
the  argument,  I  propose  to  quote  some  of  these  cases  as  described 
the  Survey  Memoirs  and  elsewhere. 

Li  the  Geoix)Gical  Magazine  for  1865,  Mr.  J.  E.  Taylor  describ 
a  saddle-shaped  anticlinal  or  ridge  in  the  Chalk  at  Whittinghai 
The  beds,  with  conspicuous  bands  of  flints,  were  so  bent  as 
form  an  acute  angle,  which  was  very  well  defined.  The  layers 
flint  were  not  shattered,  nor  were  the  strata  broken.  At  fii 
Mr.  Taylor  attributed  this  disturbance  in  the  Chalk  to  a  time  befo 
the  deposition  of  the  Norwich  Crag,  but  he  subsequently  {id.  vol.  \ 
attributed  the  twisting  and  dragging  up  of  the  Chalk  to  the  age 
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which  formed  the  Upper  or  chalky  Boulder-clay,  a  view  in  which 
Mr.  Horace  B.  Woodward  concurs  \id.  Dec.  II,  Vol.  VIII,  p.  93). 

In  1866  Mr.  Taylor  called  attention  to  a  similar  disturbance  in 
a  pit  at  Swainsthorpe.  He  tells  us  that  on  the  left  side  of  the  pit 
the  flint  bands  were  nearly  perpendicular,  being  somewhat  contorted 
and  leaning  towards  the  right.  On  the  right  side  the  bands  were 
somewhat  more  perpendicular,  but  still  leaned  towards  the  north. 
The  contorted  bands  forming  an  anticlinal  arch,  the  summit  of  which 

bad   been   denuded flint  bands  were  shattered  and   broken 

as  though  by  the  influence  of  some  sudden  force.  (Geol.  Mao.,  VoL 
in,  p.  44.) 

A  similar  disturbance  occurs  in  the  Chalk  at  Trowse,  and  was  first 
pointed  out  by  Mr.  T.  O.  Bayfield.  In  this  pit  the  Chalk,  with 
layers  of  flints  and  paramoudros  in  sitH,  was  inclined  at  an  angle  of 
from  35°  to  40°  in  a  south-easterly  direction.  Mr.  Woodward 
found  the  bedded  chalk  pass  into  sandy  and  marly  beds,  and  itself  con- 
tained fractured  flints  with  pebbles  of  flint  and  quartzite,  which  were 
dispersed  throughout  it.  The  flint  layers  gradually  assumed  a  hori« 
soQtal  position  in  going  downward.  He  adds — **  Fram  the  fcu)t  that 
beds  of  the  age  of  the  Norwich  Crag  are  disturbed  together  with  the 
Chalk,  it  may  be  concluded  that  they  were  forced  up  in  post-Pliocene 
times ;  and  from  the  relations  borne  by  the  chalky  Boulder-clay  to 
the  chalk  in  this  immediate  neighbourhood  and  in  many  pits  round 
Norwich,  I  feel  no  hesitation  in  concluding  that  the  disturbance  was 
produced  by  the  agent  which  formed  this  Boulder-clay."  Similar 
disturbances  have  been  reported  by  Mr.  Wood  at  Litchara. 

Mr.  Woodward  elsewhere  describes  a  pit  showing  much  disturbed 
chalk  near  Burham  Abbey,  chips  of  flint  and  flint  nodules  occurring 
in  the  mass  of  the  rock,  the  disturbance  reaching  to  a  depth  of  ten 
feet.  At  West  Rainham  the  Chalk  shows  signs  of  disturbance  in  an 
anticlinal  arrangement  of  the  flint  layers,  the  fold  trending  east  and 
west.     (Geology  of  Fakenhara,  etc.) 

Turning  to  the  very  important  section  at  Trimingham,  I  feel  ccm- 
Btrained  to  quote  Mr.  Clement  Reid's  excellent  description.  **  North- 
west of  Mundesley,"  he  says,  "  the  beds  (contorted  series)  undulate 
a  good  deal,  the  disturbance  gradually  extending  into  the  lower 
deposits  and  becoming  more  violent,  till  at  last  at  Gimingham  and 

Trimingham  it  affects  the  solid  chalk The  normal  position  of 

the  Chalk  would  be  below  low- water  mark ;  but  it  has  been  thrown 
into  a  series  of  undulations  which  have  the  effect  of  raising  it  above 
the  sea-level.  .  .  .  These  undulations  form  definite  anticlinal  and 
synclinal  folds,  having  their  axes  parallel  with  the  coast-line,  though 
minor  flexures  often  obscure  the  structure  where  only  a  small  ex- 
posure can  be  seen.  The  bending  has  been  so  violent  as  to  squeeze 
up  a  ridge  of  chalk  ;  of  which,  judging  from  the  dips  on  the  fore- 
shore, the  two  chalk  bluffs  seen  in  the  cliff  seem  to  be  the  last 
remnants."  Mr.  Reid  adds — *'  That  this  contortion  is  of  Pleistocene 
•ge  is  proved  by  the  similar  disturbance  of  the  overlying  beds,  and 
hy  the  intrusion  of  tongues  of  Boulder-clay  into  the  Chalk."  This 
view  confirms   that  of  Lyell,  who,  as  Mr.  Keid  says,  "  was  fully 


64  Sir  H.  H.  Hotcorth— Destruction  of  the  Chalk. 

aware  of  ibis  conformity,  and  gave  illastrations  of  it,  mentioned  the 
mixture  of  Chalk  and  Boulder-olay  on  the  foreshore,  and  oonsidered 
that  the  contortion  must  clearly  have  been  formed  subsequently  to 
the  deposition  of  the  Drift"  (Geology  of  Cromer,  eta,  p.  95).  Again, 
the  same  author  says :  ''  The  Boulder-clay  under  the  folded  Chalk 
is  certainly  connected  with  the  contortion,  as  is  also  the  case  with 
the  alternations  and  intrusive  tongues  of  Boulder-clay  seen  on  the 

foreshore The  contortion  of  the  Chalk  appears  to  have 

forced  it  into  the  overlying  beds  and  compelled  the  boulder-day  to 
mould  itself  to  all  hollows  and  open  fissures;  it  has  even  in  some 
places  caused  the  Drift  to  underlie  in  mass  the  inverted  anticlinal  of 
the  solid  chalk." 

With  these  facts  before  us,  it  seems  impossible  to  doubt  the  con- 
clusions of  Mr.  H.  B.  Woodward  and  Mr.  C.  Reid,  as  related  by  them 
in  the  following  words.  The  former  says :  "  I  have  come  to  the 
conclusion  that  many  of  the  contortions  seen  in  the  strata,  whether 
Chalk,  Crag  or  Lower  Glacial,  are  chiefly  due  to  the  agent  that 
brought  the  Boulder-clay ;  of  the  numerous  cases  where  this  positive 
evidence  is  wanting  I  know  of  no  instance  where  the  contortion 
might  not  have  been  produced  at  this  period"  (Geol.  of  Norwich, 
p.  137).  The  latter  says:  **The  general  structure  of  Norfolk  and 
Sufifolk  appears  to  show  that  the  whole  of  the  contortions  are  of  one 
age,  that  of  the  greatest  glaciation,  or  of  the  great  chalky  Boulder- 
clay,  and  it  is  probably  to  this  period  that  the  disturbances  on  the 
coast  may  be  referred  "  (Geol.  of  Cromer,  p.  117). 

While  this  conclusion  seems  inevitable,  I  cannot  concede,  even 
as  a  possibility,  that  these  contortions  have  been  caused  by  ice  in 
any  form.  These  contortions  are,  in  fact,  only  subsidiary  folds  in 
the  much  larger  folds  which  formed  the  plateau  of  East  Anglia  and 
the  adjoining  troughs  on  either  hand,  and  seem  unmistakably  due 
to  the  operation  of  forces  acting  from  below,  or  by  earth -waves 
passing  laterally  through  the  strata  as  waves  pass  through  the  sea. 

The  only  reason  given  by  the  opponents  of  these  subterranean 
causes  is,  that  the  surface  layers  are  alone  contorted  and  puckered, 
while  the  deeper  ones  are  not.  It  is  forgotten  that  this  very  fact 
is  most  difficult,  if  not  impossible,  to  explain  by  an  ice  theory,  while, 
if  the  contortions  are  eventually  due  to  the  crumpling  up  of  the  strata, 
it  will  certainly  follow  that  the  highest  layers  will  be  under  the 
greatest  tension ;  but  I  have  a  notion  that  these  folds  are  really 
the  result  of  gigantic  earth-waves,  caused  by  some  tremendous 
strain ;  and  it  will  be  remembered  that  in  marine  wavss  it  is  only 
the  surface  layers  that  are  affected  at  all ;  at  a  very  little  below 
the  surface  the  water  is  quiescent  and  still. 

If  we  conclude  that  the  disintegration  of  the  Chalk  was  the  result 
of  subterranean  movements,  the  next  question  is,  When  did  this 
occur  ? 

It  seems  to  me  impossible  to  carry  back  the  breaking  up  of  the 
Chalk  strata  to  Tertiary  times.  If  it  had  been  in  progress  then 
in  anything  at  all  like  the  way  in  which  we  must  postulate  it  to 
have  occurred,  if  we  are  to  judge  by  the  lumps  of  chalk  in  the 
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dialky  clay,  we  should  oertainly  find  some  of  these  angular  and 

labangular  pieces  of  chalk,  some  of  these  great  masses  of  shifted 

OoUtio  and  Cretaceous  rock,  in  the  sands  and  gravels  of  the  Crag ;  but 

nothing  of  the  kind  occurs  in  them,  or  in  the  so-called  Chillesford 

and  WeBtleton  Beds.   But  this  is  incredible,  if  the  Chalk  had  already 

begun  to  be  broken  up   into   this  rubble.     They  come   upon   us 

suddenly    in    the   beds  above  the  Crag,   and  were   doubtless  the 

product  of  the  same  forces  which  contorted  and  faulted  and  broke 

the  Chalk  in  bo  many  places,  as  I  have  shown.     I  cannot  see  how 

we  separate  these  dislocations  from  the  forces  which  moulded  the 

narface  of  East  Anglia  into  its  present  contour  of  wold  and  dale. 

On  this  subject  we  are  not  entirely  wanting  in  evidence :  thus,  it  is 

hardly  possible  to  conclude  otherwise  than  that  the  present  depression 

iu  the  area  occupied  by  the  Fens,  or  the  valleys  of  the  Axholme  and 

the  Trent,  did  not  exist  when  these  beds  were  being  laid  down  in 

the  Crag  areas,  or  else  we  should  have  had  them  developed  in  these 

hollow  troughs  more  conspicuously  than  further  east     The  way  in 

which  the  later  Crag  beds  themselves  occur  at  high  levels  above  the 

fiea,  as  at  Norwich,  and  in  other  inland  parts  of  East  Anglia  far 

above  the  present  sea-level,  unmistakably  points  again  to  the  contour 

of  the  country  having  greatly  altered  since  these  submarine  beds, 

tlie  very  latest  so-called  pre-Glacial  beds,  were  laid  down. 

Again,  if  we  travel  northward,  the  position  of  the  Crag  beds 
in  reference  to  the  Forest  bed  points  in  the  same  direction.  The 
Middle  and  Lower  Crag,  whatever  their  actual  horizon,  can  hardly 
be  placed  above  the  Forest  bed,  yet  we  find  in  many  parts  of 
Suffolk  these  marine  deposits  at  a  considerable  elevation  above  the 
sea-level,  while  the  Forest  bed  itself  occupies  the  strand  actually 
below  low-water  mark.  This  assuredly  points  to  a  considerable 
dislocation  since  these  beds  were  laid  down.  Again,  there  is 
another  remarkable  piece  of  evidence  which  has  been  overlooked 
—that  presented  by  the  well-borings  at  Boston  in  Lincolnshire, 
and  at  Yarmouth  and  elsewhere  on  the  Norfolk  coast — namely,  that 
the  great  flexures  of  the  Chalk  which  have  rent  it  down  there  to 
a  depth  of  several  hundred  feet,  were  clearly  made  at  this  time, 
lince  the  hollows  have  been  filled  up  with  vast  deposits  of  so-called 
glacial  sands,  etc.,  and  with  nothing  else,  showing  that  these 
Bjnclinal  hollows  are  among  the  very  latest  of  geological  phenomena. 

As  I  have  argued,  its  effect  was  to  fold  the  Chalk  into  a  series  of 
anticlinal  and  synclinal  curves,  running  more  or  less  north  and 
south,  and  marked  by  the  wolds  of  Yorkshire  and  Lincolnshire 
and  the  plateau  of  East  Anglia  on  the  one  hand,  and  the  hollows 
of  the  Axholme  valley  of  the  Fens  and  that  forming  the  southern 
part  of  the  North  Sea  on  the  other. 

Now  this  last  hollow  was  clearly  cut  out  and  shaped  since  the 
Weald  denudation.  The  denuded  Weald  area  was  originally 
lenticular  in  shape,  like  similar  denuded  surfaces  in  Western 
England  and  the  Chalk  districts  of  France.  The  eastern  terminal 
apex  of  the  original  denuded  area  is  still  to  be  found  on  the  other 
nde  of  the   Channel.     It  v/as  athwart   this   formerly  continuous 
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Talley  of  denadation  that  the  gmt  sjncHnal  hollow  of  the  No 
Sea  was  shaped  or  cut :  a  iclanoe  at  the  map  will  make  this  qi 
clear.     And  this  was  cut  when  the  connection  of  England  with 
Continent  was  severed,  that  is,  as  I  have  argued  in  many  pla< 
when  the  Mammoth  and  its  companions  were  destroyed  and 
Drift  distributed. 

This  shows  that  the  bending  and  moulding  of  the  beds  of  Ch; 
in  Sastern  England  into  their  present  contours  were  comparativ 
recent  events  in  its  geological  history,  and  coincident  with  the  br< 
up  and  disintegration  of  the  Chalk  bedn.  If  this  subsidence  f 
bending  had  been  slow  and  gradual,  we  should  hardly  have  had 
tremendous  breakage  and  ruin  of  which  the  evidence  is  every  wh 
most  plain.  This  shows  that  the  breakage  was  rapid  and  ca 
olysmic,  and  the  result  of  some  great  strain  suddenly  appliec 
such  a  strain  as  occurred  frequently  enough  in  the  earlier  ages 
the  world,  as  the  interior  skeletons  of  all  our  mountain  ranges  she 
whenever  we  examine  their  crumpled,  torn,  and  dislocated  be 
often  standing  on  end.  It  is  strange  that  the  moderate  Uniformitarii 
should  allow  this  in  the  older  times,  but  be  loth  to  admit  it  so  1 
as  Pleistocene  times. 

The  conclusions  I  have  here  formulated  were  foreshadowed  k 
ago  by  at  least  one  writer.     The  Kev.  W.  B.  Clarke,  who  wr 
so  well  on  Suffolk  geology,  says  in  the  Geological  Transactions 
1837 :  '*  While  the  Crag  still  lay  under  the  sea,  a  violent  oatastro] 
broke  up  many  of  the  Secondary  rocks,  from  the  Chalk  to  the  L 

inclusive After  this  period,  and  probably  in  prolongation 

the  first  great  catastrophe,  a  series  of  shocks,  acting  from  beir 
shattered  the  surface,  and  gradually  elevated  the  whole  distr 
including  the  Chalk,  till  the  Crag  obtained  the  height  of  nea 
100  feet  above  the  sea-level ;  and  by  this  movement  were  produ< 
the  valleys  or  lines  of  fissure  through  which  the  drainage  of  i 
country  is  effected."     {Op.  eit.  second  series,  v,  pp.  367,  368). 

IV. — Post-Pliocenk  Submergenoe  of  the  Isle  of  Wight. 
By  Prof.  Edward  Hull,  M.A.,  LL.D.,  F.R.S.,  F.G.S. 

TAM  tempted  to  offer  a  few  notes  with  the  conclusions  I  arri^ 
at  during  some  weeks  residence  this  summer  in  the  Isle 
Wight,  having  been  struck  with  the  remarkably  definite  data  wh 
the  island  affords  regarding  the  maximum  depth  of  the  submergei 
(or  height  of  emergence)  during  the  post-Pliocene  period.  1 
••  plateau-gravels,"  which  are  the  main  factors  in  the  determinati 
of  the  amount  of  submergence,  have  now  been  mapped  by  \ 
ecological  Survey,*  together  with  the  other  post-Tertiary  deposi 
but  as  regards  their  mode  of  formation  the  Survey  (I  believe)  in 
collective  capacity  refrains  from  expressing  an  opinion.'  I,  for  i 
part,  have  no  hesitation  in  bes^ieaking  for  them  a  marine  origir 
(1)  because  of  their  wide  distribution  ;  (2)  because  of  their  elevai 

1  Drift-Maps;  Sheets  330,  331,  341,  and  345. 

*  As  stated  by  Mr.  Whitaker  in  the  discnasion  on  Prof.  Prestwich's  paper  on 

~~fliysloii  Beds/'  aJ.O.S.  1890-91. 
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poflition,  as  shown  by  Mr.  Codrington,^  Prof.  Prestwioh,  and  other 
writers,  whioh  is  far  beyond  the  reach  of  the  rivers  past  or  present ; 
(3)  becanse  of  their  stratified  structure  and  their  composition. 
There  remain  the  two  other  hypotheses,  both  equally  out  of  the 
qaestion — that  they  are  lake  deposits,  or  that  they  are  of  glacial 
origin.  The  absence  of  shells  in  the  higher  levels,  reaching  to 
300-500  feet,  is  easily  explained,  and  is  no  argument  against  marine 
conditions  of  deposition,  as  the  percolation  of  subferial  waters  through 
such  open  and  porous  beds  must  necessarily  have  dissolved  away  the 
material  of  which  marine  organisms  are  mainly  formed.  As  regards 
the  geological  age  of  the  plateau-gravels  of  the  Isle  of  Wight  and 
Dorset,  there  can  be  little  doubt  that  they  are  post-Tertiary,  as  they 
are  found  resting  indiscriminately  on  all  Tertiary  strata  of  those 
parts.'  Prof.  Prestwich  classes  them  under  the  head  of  '*  Southern 
Drift,"  and  distinguishes  them  from  his  **  Westleton  Beds "  on  the 
gronnd  mainly  of  difiference  in  the  composition  of  their  constituent 
pebbles,  and  their  separation  from  the  Westleton  Beds  of  the  East  of 
England  and  the  Thames  Basin  by  a  barrier  along  the  Wealden 
ridge.  But  even  admitting  this  separation,  the  beds  may  be  repre- 
Bentative  as  regards  age;  and  as  for  the  absence  or  presence  of 
certain  pebbles  (such  as  white  quartz,  etc),  it  can  scarcely  be 
expected  that  in  any  beds  of  conglomerate  of  wide  extension  there 
should  be  no  variation  in  the  composition  of  the  constituent  pebbles. 
Perhaps,  on  reconsideration,  Prof.  Prestwich  might  be  inclined  to 
admit  that  the  plateau-gravel  of  the  south  and  the  Westleton  gravel  of 
the  centre  and  east  may  be  contemporaneous.  With  these  preliminary 
observations,  I  proceed  to  the  evidence  of  submergence  and  emergence 
afforded  by  these  beds  in  the  Isle  of  Wight. 

As  ably  shown  by  Mr.  Codrington,  the  plateau-gravel  of  the 
Isle  of  Wight  originally  formed  a  surface  sloping  from  the  south 
northwards  towards  the  shore  of  the  Solent  Subsequent  denudation 
has  largely  modified  the  original  range  of  this  plateau  ;  wide  valleys, 
such  as  that  of  the  Hiver  Medina,  have  been  channelled  through  it, 
and  in  many  places  only  outliers  have  been  left,  of  which  the  most 
important  is  that  of  Headon  Hill.^  In  a  word,  enormous  changes 
in  the  physical  features  of  the  island  have  occurred  since  this  wide- 
spread sea-bed  was  laid  down,  which  were  brought  about  during 
emergence  in  the  first  place,  and  afterwards  by  subsBrial  agencies 
down  to  the  present  day. 

Of  the  numerous  disconnected  patches  of  the  plateau-gravel,  I 
shall  only  refer  specially  to  two — that  of  St.  George's  Down,  south 
of  Newport,  and  Headon  Hill,  overlooking  Alum  Bay  at  the  western 
extremity  of  the  isle. 

St,  George's  Down, — This  terrace  is  situated  in  the  very  centre  of 
the  isle,  a  little  to  the  south  of  the  Chalk  ridge.     Its  upper  surface 

*  Quart.  Joum.  Geol.  Soc,  vol.  xxW,  1870. 

'  Unless  it  should  be  assumed  that  they  are  of  Pliocene  age,  of  which  there  is  no 
CTidfnce  or  probability. 

*  The  oatlnng'  patches  of  the  plateau- gravel  are  shown  on  the  new  Drift  maps 
rf  the  Geologic^  Survey  above  referred  to. 
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is  almoBt  perfeotly  level,  and  it  breaks  off  in  a  well-marked  scarp 
overlooking  the  valley  of  the  Medina  at  a  level  of  (about)  350  feet 
above  the  stream  ;  the  upper  surface  of  the  plateau  is  about  403  feet 
above  O.D.*  The  terrace  is  formed  of  rudely  stratified  beds  of  gravel 
and  lenticular  bands  of  yellow  sand  and  loam ;  current  lamination 
being  slightly  apparent  in  some  places;  the  whole  resting  on  the 
Lower  Greensand.  The  pebbles,  which  are  generally  well  rounded 
and  waterwom,  consist  mainly  of  fiint;  but  there  are  a  few  of  grit, 
ironstone,  and  detritus  of  Lower  Greensand.  The  whole  deposit 
is  about  50  feet  thick,  of  which  about  half  the  thickness  is  laid 
open  to  view  in  the  large  gravel-pit  above  Blackwater  station.  On 
reaching  the  surface  of  the  plateau  one  perceives,  at  a  distance  of 
half  a  mile,  the  rounded  ridge  of  the  Chalk  rising  slightly  above  it, 
and  we  easily  recognize  that  we  are  walking  on  the  floor  of  the  old 
sea-bed  which  terminated  against  the  uprising  ridge  of  the  Chalk, 
from  which  the  materials  were  largely  derived. 

He/idon  Hill, — This  remarkable  outlier  is  described  by  Mr.  Bristow' 
and  other  authors;  and  its  relations  to  the  terrace  of  St  George's 
Down  can  scarcely  be  mistaken.  In  composition,  in  altitude,  and  in 
its  relations  to  the  Chalk  ridge,  the  conditions  are  almost  identical, 
except  that  Headon  lies  to  the  north  of  the  ridge,  St  George's 
Down  to  the  south  of  it  The  distance  between  the  two  is  about 
17  miles,  and  the  gravel-beds  of  Headon  rest  on  the  Upper 
Tertiary  strata  of  the  Isle  of  Wight  series.  Like  the  St  George's 
beds,  the  Chalk  ridge  formed  the  limit  in  one  direction  to  the  i*ange 
of  the  gravel-bed  ;  towards  the  north  and  west  it  breaks  off  in 
the  well-known  cliff  of  Alum  Bay.  The  height  of  the  summit  is 
(according  to  Bristow)  370  feet;  my  aneroid  measurement  makes 
the  height  388  feet ;  in  either  case  the  level  approximates  to  that  of 
St  George's  Down ;  and  the  important  point  remains  to  be  noticed, 
that  once  we  reach  the  400  feet  level,  and  ascend  the  ridge  of  the 
Chalk  downs,  these  beds  of  stratified  gravel  cease,  and  are  replaced 
by  local  fiint-gravel  derived  from  the  underlying  Chalk,  and  left 
behind  after  the  calcareous  matter  had  been  dissolved  away  by 
subserial  agencies.' 

It  is  unnecessary  to  go  into  further  details  in  order  to  show  that 
after  the  upheaval  and  denudation  of  the  Tertiary  beds  of  the  Isle 
of  Wight  the  district  was  submerged,  beds  of  sand  and  gravel, 
derived  mainly  from  the  waste  of  the  Cretaceous  rocks,  were  laid 
down,  and  the  whole  were  subsequently  elevated  to  an  extent  of 
about  400  feet,  as  indicated  by  the  levels  of  Headon  Hill  and  St. 
George's  Down.  The  relations  of  the  gravel-beds  to  the  older  rocks 
enable  us  to  fix  definitely  the  amount  of  this  elevation ;  and  this  is 
the  point  to  which  I  wish  particularly  to  call  attention  to  in  this 
short  communication. 

'  By  aneroid  meaHurement.  The  grarel  of  St.  George's  Down  has  been  described 
by  Mr.  Codrington. 

«  "  Geol.  of  the  Isle  of  Wight":  Mem.  Geol.  Surrey  (1862),  p.  104. 

'  The  two  varieties  of  gravel  are  very  well  shown  on  the  Survey  map  already 
referred  to. 
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T.— Nora   oh   thb  Affinitiis  or  ths  English  Wsaldsn  Fish- 
Fauna. 

Bj  Arthub  Smith  Woodward,  F.L  S.,  F.O.S., 
Of  the  BritiBh  Miueam  (Natural  History). 

THE  qnestion  of  the  affinities  of  the  Wealden  Vertebrate  Faona 
having  been  re-opened  by  Professor  Marsh  in  his  paper  on  the 
Dinosaaria,  read  before  the  last  meeting  of  the  British  Association 
at  Ipewich,^  it  may  be  of  interest  to  place  on  record  a  complete  list 
of  me  apeoies  of  fishes  now  known  from  the  English  Wealden 
deposits.  This  is  more  extensive  than  any  previous  list,  being 
based  on  the  nniqoe  collection  in  the  British  Museum,  which  has 
only  lately  been  examined  in  detail.  Unfortunately,  however,  none 
of  the  specimens,  except  a  few  examples  of  Lepidotus,  are  labelled 
to  indicate  the  precise  horizon  from  which  they  were  obtained ;  and 
Boaroely  any  of  the  names  of  localities  are  very  definite.  The  various 
ipectee  may  be  enumerated  in  zoological  order  as  follows : — 

SifboAu  iatanm,  Egerton,  Quart.  Joora.  Geol.  Soc.,  toI.  i  (1846),  p.  197,  pi.  It; 

A.  &  Woodwud,  Catal.  Foes.  Fishes  Brit.  Mus.,  pt.  i  (1889),  p.  273,  pi.  xii, 

tin.  1-6,  and  Proc.  Torksh.  Oeol.  and  Polyt.  ooc.,  yoI.  xii  (1891),  p.  63, 

pi.  i,  pi.  ii,  fig.  1.    Coast  of  Sussex  and  Isle  of  Wight. 
SyhoduM  gtriatuluSf  Agassiz,  Poifls.  Foss.,  yoI.  iii  (1837),  p.  44,  pi.  viiib,  fig.  1. 

Tilgate  Forest. 
Sifbcdus  gubcarinaiusy  Agassiz,  ibid,  p.  46,  pi.  x,  figs.  10-12.     Sussex. 
Hyhodus  sp. :  miscellaneous  teeth,  some  named  Meristodon  paradoxus  by  Agassiz, 

op.  eit.y  Yol.  iii  (1843),   p.   286,  pi.  xxxvi,  figs.  63-56,  others  figured  in 

Catal.  Foss.  Fishes  Brit.  Mus.,  pt.  i  (1889),  pi.  xi,  figs.  14-16.     Tilgate 

Forest. 
Aendus  hirudo,  Agassiz,  op.  eit.y  yoI.  iii  (1839),  p.  148,  pi.  xxii,  fig.  27 ;  A.  S. 

Woodward,  op.  eit.y  pt.  i  (1889),  p.  296,  pi.  xiil,  tig.  9.    Tilgate  Forest, 

and  Telham,  near  Buttle. 
Aerodus  ornatusy  A.  S.  Woodward,  op.  eit,,  pt.  i  (1889),  p.  296,  pi.  xiii,  fig.  10. 

Brixton,  Isle  of  Wight. 
Atteraeanthug  granulotm^  Egerton,  Ann.   Mag.   Nat.  Hist.  [2],  vol.  xiii  (1864), 

p.  434,  and  Figs,  and  D^script.  Brit.  Oipinic  liemains,  dec.  viii.  (Mem. 

Geol.  Surv.,  18o5),  No.  1,  pi.  i.     Til^te  Forest. 
LepidofM  Manteliif  AgObsiz,  op.  cit.,  vol.  ii  (1833-37),  pt.  i,  pp.  9,  262,  pi.  xxx, 

figs.    10-16,   pi.    xixa,    tigs.   4-6,   pi.    xxx*,    fig.   2,    pi.   xxxc,    figs.   1-7. 

Including  Lepidotus  Fiftoniy  Agassiz  (ibid.,  p.  266,  pi.  xxx,  tigs.  4-6,  pi. 

xxxa,  excl.  tigs.  4-6,  pi.  xxx*,  excl.  tig.  2),  and  Tetragonolepis  mantodonfeuSf 

Agassiz  {ibid.,  p.  216,  pi.  xxiii^,  tigs.  3,  4).     Sussex. 
Citlodus  Mantelli  (Agassiz),   Heckel,   Denkschr.  k.  Akad.  Wiss.,   math.-naturw. 

CI.  Tol.  vi  (1856J,  p.  203  ;  Pycnodus  Mantelli  and  Gyrodus  ManteUi^  Agassiz, 

op.  eit.f  Yol.  ii,  pt.  ii,  pp.  196,  234,  pi.  Ixixci,  tig.  18,  pi.  Ixiia,  tigs.  6-14. 

Sussex. 
Caturut  sp.,  A.  S.  Woodward,  op.  eit.,  pt.  iii  (1895),  p.  350.     Hastings. 
Xeorhombolrpis  valdetms^  A.  S.  Woodward,  ibid.^  p.  356,  pl.  Yiii,  tig.  5.    Hastings. 
htlimostomus  sp.,  A.  S.  Woodward,  ibid.,  p.  439.     Isle  of  Wight. 
Oliyopieurus  veetensisy  A.  S.  Woodward,  Proc.  Zool.  Soc,  1890,  p.  346,  pl.  xxviii, 

fig.  1.     Isle  of  Wight. 

Nine  genera  of  fishes  are  thus  represented  in  the  English 
Wealden,  and  all,  except  Caturus,  are  known  by  sufficiently 
characteristio  specimens  to  be  determined  with  certainty. 

Of  these  finhes,  the  three  Elasmobranchs  Hyhodus,  AcroduSf 
and  AsleraeanthiLs  are  essentially  Jurassic.  The  beautiful  examples 
of  the  skeleton  of  Hybodiis  basanus  from  the  Sussex  coast  prove 
1  Abstract  published  in  Geol.  Mao.  [4],  Vol.  Ill,  pp.  1-9  (1896). 
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that  this  shark  had  a  persistent  notochord  and  other  characters 
like  the  typical  species  of  the  genus  in  the  Lower  Lias  of  L^^me 
Regis.  They  show  only  one  diflferenoe  from  the  Liassic  type, 
namely  in  the  cephalic  spines;  the  Wealden  specimens  not  being 
barbed  and  never  observed  in  more  than  oner  pair.  In  Cretaceous 
strata,  on  the  other  hand,  there  i&  no  certain  evidence  of  Hybodus. 
Most  of  the  teeth  commonly  ascribed  to  this  fish  probably  belong 
to  another  shark  (Synechodus),  which  has  well-developed  vertebral 
centra  and  smooth  dorsal  fin-spines ;  while  the  ribbed  dorsal  fin- 
spines  occasionally  found  in  the  English  Gault,  Cambridge  Green- 
sand,  and  Upper  Greensand,  may  be  referable  either  to  Syhodns 
or  Acrodus,  Typical  teeth  of  the  latter  occur  rarely  in  the  Gault 
of  Folkestone,  but  are  not  known  elsewhere.  The  tuberculated 
fin -spines  of  Asieracanthus  are  scarce  in  the  Wealden,  and  have 
never  been  recorded  from  a  higher  horizon,  unless  a  fragment 
described  by  Pictet  from  the  Lower  Neocomian  of  Switzerland* 
happens  to  be  of  a  little  later  date. 

LepidotuB  Mantelli  is  most  closely  related  to  the  species  from  the 
Lithographic  Stone  of  Bavaria.  Only  few  and  fragmentary  remains 
of  the  same  genus  are  known  from  the  Neocomian,  and  all  frag- 
ments of  later  date  are  very  doubtfully  placed  here.  Caturus  is 
also  typically,  if  not  exclusively,  Jurasbio ;  and  the  abraded  skull 
in  the  British  Museum  from  the  Wealden  of  Hastings  (No.  P.  6360) 
cannot  be  generically  distinguished  from  that  of  this  fish.  Oligo- 
pleurus  is  also  known  only  from  the  Jurassic,  occurring  in  the 
Lithographic  Stone  (Lower  Eimmeridgian)  of  Ain,  France,  and 
in  the  Purbeck  Beds  of  Dorsetshire. 

Belonostomus  ranges  throughout  the  Upper  Jurassic  and  to  the 
Upper  Cretaceous,  with  a  very  wide  geographical  distribution ;  but 
the  only  known  specimens  from  the  Wealden  are  too  imperfect 
to  determine  whether  they  are  most  closely  related  to  the  earlier 
or  to  the  later  species.  NeorhombolepiSf  however,  although  very 
rare,  is  an  essentially  Cretaceous  fish,  the  typical  species  occurring 
in  the  Lower  Chalk  of  Kent ;  and  it  is  noteworthy  that  the  most 
closely  related  genus,  Otomitla,  is  found  in  the  Neocomian  of 
Mexico.'  The  Pycnodont  CoBlodus  is  also  typically  Cretaceous, 
though  represented  occasionally  in  the  Purbeck  Beds  and  other 
formations  on  the  horizon  dividing  the  Jurassic  and  Cretaceous 
series. 

I'he  result  is,  therefore,  that  all  the  known  English  Wealden 
fishes  are  survivors  of  typically  Jurassic  genera,  except  Neorhom* 
bolepis  and  Cktlodus,  and  these  are  their  little-modified  repre- 
sentatives. None  but  Belonostomus  appear  to  range  throughout  the 
Cretaceous.  In  fact,  the  Wealden  estuary  seems  to  have  been  the 
last  refuge  of  the  Jurassic  marine  fish -fauna  in  this  part  of 
the  world,  not  invaded  even  by  stragglers  from  the  dominant  race 

^  Asteracanthus  granulosus  (Agassiz),  Pictet  and  Campiche,  **  Foss.  Terr. 
Cr6tace  St.  Croix,''  p.  98,  pi.  xii,  fi^.  ii  (1859). 

^  J.  Felix,  Pal»ontogr.,  toI.  xxxvii,  p.  189,  pi.  xxix,  fig.  iii,  pi.  xxx,  figs.  3-5 
(1891). 
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of  higher  fishes  which  oharaoterized  all  the  seas  of  the  Cretaceous 

period.        The    Wealden   river  drained   a  land   where  a   typically 

Jarassio   flora  flourished  ^ ;  the  only  two  known  Mammalian  teeth 

from  the    Wealden  resemble  those  of  a  Purbeckian  genus';   and 

now  it  is  dear  that  the  fishes  agree  both  with  these  and  the  reptiles 

in  their  alliance  with  the  life  of  the  Jurassic  era. 


YL — MxRocHiifus   Salopi^,   n.sp.,  and   anotheb    Crinoid,   fbom 
THK  Middle  Ordoyioian  of  Wbst  Suropsuirb. 

By  F.  A.  Bather,  M.A. 

IN  June,  1895,  Mr.  G.  H.  Morton,  F.G.S.,  of  Liverpool,  submitted 
to  me  three  specimens  of  Grinoidea,  registered  No.  681  in  his 
oolleotion.  One  of  these  specimens  was  a  stem-fragment,  impossible 
to  determine ;  but  the  other  two  appeared  of  such  interest  that 
Mr.  Morton  yery  kindly  allowed  me  to  make  a  detailed  study  of 
them.  The  results,  though  not  so  complete  as  might  be  wished, 
are  now  submitted  to  geologists  and  zoologists,  in  order  that  the 
former  may  look  out  for  further  specimens,  and  the  latter  give  us 
the  benefit  of  their  opinion. 

Locality, — With  regard  to  all  three  specimens,  Mr.  Morton  writes, 
nnder  date  24th  July,  1895 :  "  I  obtained  them  25  or  30  years  ago 
at  Mincop,  the  name  of  a  farmhouse,  at  the  north  end  of  a  low 
hill  which  ends  there,  being  near  the  east  end  of  a  dyke  marked  red 
on  the  1-inch  map,  60,  N.E.  (Welshpool),  on  the  S.E.  of  the  map. 
They  were  collected  in  a  siimll  quarry,  or  rather  large  hole,  in 
a  field  above  the  house.,  just  inside  the  gate  of  the  field.  I  went 
there  seven  years  ago,  but  found  the  hole  filled  up  and  corn  growing 
over  the  spot,  so  that  there  is  no  chance  of  obtaining  any  more 
specimens  there.  Mr.  Watts  told  me  that  he  had  found  the  same 
bed  on  the  strike,  but  I  do  not  think  any  fossils." 

Horizon.  —  On  page  17  of  "The  Geology  ...  of  the  Country 
around  Shelve,"  issued  at  the  end  of  Proc.  Liverpool  Geol.  Soc, 
session  x,  1869,  Mr.  Morton  thus  describes  the  beds:  "In  ascending 
order  [the  Priest- Weston  sandstone]  is  succeeded  by  the  strata  of 
Mincop  and  Meadow  Town,  composed  of  hard  light  grey  sandstones, 
iiiterstratified  with  shales  possessing  an  indurated  appearance.  These 
Bandstones,  which  run  in  beds  about  six  inches  thick,  contain  very 
good  examples  of  Strophomena  compresta^  Orthin  testudinaria,  Beyrichia 
coinplicaia,  Trinticletu  concentricus,  Calymene  brevicapitata,  Diplo' 
grap$u$  priBtis,  Pyritonema  fasciculus^  Glypiocrinus  basalis,  and 
others.  The  shales  associated  with  the  sandstones  in  many  places 
contain  innumerable  trilobite  impressions,  Asaphus  tyrannus.^^  The 
name  Qlyptocrinus  basalis  in  the  preceding  list  refers,  Mr.  Morton 
tells  me,  to  all  three  specimens.     The  stem-fragment  presents  some 

^  A.  C.  Seward,  "  Catalogue  of  the  Mesozoic  Plants,  Brit.  Mus. — The  Wealden 
Flora,  part  ii,"  p.  240  (1896). 

*  A.  S.  "Woodward,  "  On  a  Mammalian  Tooth  from  the  Wealden  Formation  of 
Hartiogs,"  Proc.  Zool.  Soc.  1891  (1892),  p.  685;  R.  Lydekker,  *'0n  a 
^"mmalian  Incisor  from  the  Wealden  of  llastings,**  Quart.  Joum.  Geol.  Soc., 
Yol.  xlix,  p.  281  (1893). 
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resemblance  to  the  stem  of  0,  hasalia,  M'Coy,  bat  not  enough  to 
warrant  the  use  of  the  name.  The  two  other  specimens  are  certainly 
not  Glyptocrinus,  The  rocks  just  described  are  part  of  the  '*  Middleton 
Group/'  which  is  the  middle  of  the  Meadow  Town  Series,  which  is 
the  middle  of  the  Ordovician  (see  Prof.  C.  Lapworth,  "Preliminary 
Note  on  the  Ordovician  Rocks  of  Shropshire,"  Gbol.  Mag.,  Dec.  Ill, 
Vol.  IV.  p.  78,  1887).     Older  writers  call  them  Llandeilo  Beds. 

Description. — The  two  specimens  studied  are  in  a  dark,  fine- 
grained, micaceous  sandstone,  and  are  in  the  form  of  moulds,  the 
calcareous  substance  of  the  crinoid  having  been  dissolved.  They 
are  therefore  best  studied  from  wax  squeezes. 

Specimen  A. 

The  lower,  or  proximal,  part  of  the  Dorsal  Cnp  is  wanting.  Of 
the  basals  (BB)  a  portion  only  is  preserved.  The  radials  (RH) 
appear  to  alternate  regularly  with  the  basals,  and  do  not  appear 
to  be  horizontally  bisected.  They  are  about  as  wide  as  high, 
depressed  towards  the  interradial  sutures,  and  projecting  slightly 
in  the  median  line  towards  the  articular  facet.  The  facet  occupies 
the  greater  part,  but  not  quite  all,  of  the  width  of  a  radial,  so  that 
the  arms  clearly  are  separate  from  one  another ;  in  other  words,  the 
crinoid  is  an  Inadunate. 

Of  the  Arms,  four  are  visible.  They  appear  to  dichotomize  pretty 
regularly,  though  the  dichotomy  is  only  seen  clearly  in  the  second 
from  the  left.  This,  which  I  take  to  be  the  left  posterior  arm, 
has  brachials  as  follows:  IBr,  5;  IIBr,  8-8;  IIIBr,  8-ia-8-3 
(preserved,  ends  not  seen) ;  IVBr,  only  traces  seen.  The  next 
arm,  i.e,  the  second  from  the  right,  appears  to  be  the  right  posterior 
arm,  since  the  first  primibrach  appears  to  be  axillary,  and  supports 
a  branch  on  the  left,  which  I  take  to  be  the  anal  tube ;  of  the  right 
branch  only  three  more  brachials  are  preserved  :  in  other  words, 
four  primibrachs  in  all  are  preserved.  The  arm  on  the  right  of  the 
specimen  appears  to  be  the  right  anterior  arm  :  it  is  difficult  to 
decide  whether  the  small  branches  that  appear  to  be  given  off  from 
its  left  side  may  not  really  be  a  single  branch  seen  from  the  inner 
surface,  at  least  for  a  distance  of  six  ossicles,  after  which  there  are 
plainly  two  branches.  In  all  the  arms  the  proximal  primibrachs 
seem  rather  wider  than  the  distal  primibrachs.  Each  brachial  seems 
to  be  slightly  wider  at  its  distal  end,  so  that  the  arms  tend  to  have 
an  imbricated  appearance. 

The  Anal  Tube  (t  in  Fig.  a),  arising  from  the  left  upper  slope  of 
IBri,  is  thinner  than  the  arm-branches  at  corresponding  levels, 
and  shows  no  sigris  of  further  dichotomy.  Its  exposed  side  shows 
a  longitudinal  series  of  rounded  ossicles,  of  similar  appearance  to 
the  brachials.     The  distal  end  is  not  seen. 

Measurements :  total  height  of  specimen,  90  mm. ;  width  of  cup 
at  level  of  top  of  RR,  about  1*5  mm. 

Systematic  position  of  Specimen  A, — The  relation  of  arms  to  cup 
shows  that  this  specimen  belongs  to  the  Inadnnata.  The  absence 
of  the  base  does  not  enable  us  to  refer  it  to  either  Monocyclica  or 
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Dioyblioa  "with  oertainty,  tboagfa  the  refful^nty  of  the  cap  is  in 
bifyax  of  the  latter.  A  nmilar  dispositioa  of  the  ansi  tube  is  foand, 
unong  Mono^olioa,  only  in  loerinut ;  among  Dioyolioa,  only  in 
]f«re«rtniM.  So  far  u  geological  horizon  is  conoemed,  the  Bpeoimen 
mi^tbelomr  to  either  of  these  genera.  loerimu  ia  at  present  known 
from  the '  Hiidaon  River  Oroap  of  Ohio  and  from  the  Trenten 
Umeatone  of  New  York.  Jferoennua  baa  been  found  only  in  the 
Utica  Sbale  of  Ohio  and  in  the  Trenton  LimestoDe  of  New  "York. 
Keither  genus  has  hitherto  been  recorded  from  Europe. 


Comparing  specimen  A  with  loerinut  and  Meroerinut,  we  note 
that  the  anal  tube  of  locrinui  is  composed  of  numerous  hexagonal 
plates,  set  along  the  aides  of  the  mid-rib,  as  one  may  call  it,  that 
Marts  from  the  arm.  Specimen  A,  howerer,  showB  no  traces  of 
tLeie  lateral  plates,  although  it  is  so  preserved  as  to  have  done 
ID  had  such  been  present ;  on  the  contrary,  the  anal  tube  appears 
to  have  been  a  simple  narrow  tube,  precisely  as  in  the  known 
species  of  Sterocriwu.  All  known  species  of  loerintu  further 
resemble  one  another  in  the  marked  imbrication  of  the  braobials; 
while  the  species  of  MtToerinut  have  aa  a  rule  smooth  brachials, 
although  Jlf,  eurtu*,  as  figured  and  desoribed  by  Ulrich  {"Dendroerinui 
cwtuB,"  Jouru.  Cinoinnati  Soo,  Nat  Hist,  II,  p.  18.  pi.  vii, 
fig.  14,  1879),  has  bracbialB  "prominent  at  the  superior  lateral 
angle."  The  very  slight  development  of  this  feature  in  the  Miooop 
specimen  is  therefore  cbaraoteristio  of  MerocrinoM  rather  than  of 
tocrinuM.  Id  other  respects  the  specimen  might  belong  to  either 
genus ;  but  the  balance  of  evidence  favours  its  reference  to 
Jfcrocn'nus. 

In  minor  characters  specimen  A  differs  from  the  known  species 
of  both  locrinita  and  Meroerinun.  From  locrinM  eraiiua  and 
I.  mbcrattiu  it  is  distinguished  by  its  less  robust  appearance,  less 
wide  radials,  and  leas  iuihrication  of  the  arms,  as  well  as  by  the 
aboTe-mentioned  character  of  the  anal  tube.  In  a  less  degree 
the  same  characters  separate  it  fruni  I.  Irenlonentii,  a  speciea 
which,  according  to  Walcott'a  figure  (Regent's  Keport,  N.Y.  State 
MuB.,  XXXV,  p.  210,  pi.  ivii,  figa.  7  and  8,  1884),  further  differs 
in  the  possession  of  a  slight  ridge  along  the  bock  of  the  radials 
anil  primibracbs. 

From  Meroerinut  eurlva  specimen  A  is  clearly  distinguished  by 
the  ref^ular  dichotomy  of  its  arms,  for  in  M.  eurlui  there  are  simple 
■nulets,  "about  bait'  as  stout  as  the  main  arm  from  which  they 
>pri&g."  The  onp  is  also  lower  in  M.  eurtut.  It  was  doubtless 
"mere  slip  that  made  Mr.  Ulrich  describe  the  anals  of  this  species 
U  rising  from   the  right  side  of  the  right  posterior  arm,  instead 
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<ii  fr»ui  tlie  left  side.  M.  lyput  is  a  species  of  totally  different 
it|>)>i>urauce,  owiog  to  all  its  cup-plates  and  braohiale  being  con- 
Btiiltiirabty  witler  thnn  bigh.  I'o  M.  corrohoraiut,  the  preserved 
puftiou  of  s|«cimen  A  presents  a  close  resemblance ;  the  basals, 
nuwtiver,  appear  to  liave  been  bigher  in  proportion,  the  arms  atb 
a  trifle  mora  slender  in  the  proximal  region,  and  their  distinct 
ihougU  slight  imbrication  constitutes  an  appreciable  difference. 

Therefore,  altbough  Mr,  Morton's  specimen  681a  is  imperfect, 
the  preceding  facts,  combined  with  the  abseuoe  of  other  known 
repre^iitatives  of  Meroerinui  on  this  side  of  the  Atlantic,  justify 
its  being  taken  as  the  type  of  a  new  species,  which  may  be  named 
afler  the  county  of  its  origin,  and  thus  diagnosed: — 

Merocrinug  Salopia,  n.sp. 
RR   and    B6   as  high    as   wide.     Arms   slender,  bifurcating  at 
intervals  of  eight  or  more  ossicles.      Br  wider,  or  with  a  slight 
cornice,  at  their  distal  margin. 


A.  Jferoerinui  Salopia,  4  timea  nst.  i 

S  times  nnt.  siie. 

B.  Ad  undetermined   Inadimate   Crinoid,   4  times  nat.  eize.      b.  Portion  of  the 

Tbe  dnntinn  were  made  frum  wax  squeezes,  by  MisB  O.  M.  Woodwsrd  ind 
the  antbor. 

Specimen  B. 
The  plates  of  the  Dorsal  Gup  are  djstnrbed.      A  basal  and  two 
radiali  can  be  distinguished,     'llie  radials  are  comparatively  large, 
and  seeni  irmt;ular  in  shape. 

"lie  relation  of  the  Arms  to  the  cup  seems  to  be  that  of  an 
unate  arinoid.  The  arms  appear  to  have  been  regularly  dioho- 
)US.  Thnt  on  the  right  of  the  drawing  has  IBr,  i;  UBr,  7  in 
left  branch,  the  axillary  of  which  (IIAx)  bears  one  IllBr  on 
ler  side.    Tbe  evidence  of  the  specimen  is  rather  against  there 
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k^ng  been  any  branches  beyond  I II Br,  or  at  least  beyond  IVBr. 
The  branches  seem  to  have  diverged  at  rather  a  wide  angle. 

The  most  remarkable  feature  of  the  arms  are  the  structures  that 
seem   to    spring    from   the   side   of   the   brachials,   and   somewhat 
lesemble    pinnules    (see    enlarged    figure    b).      The    only   known 
Btnictures   ^ritb   which  they  can  be  compared  are  either  pinnules 
or  covering- plates.     But  they  are  not  pinnules ;  for  they  are  more 
nnmerous  than  the  brachials,  and  are  not  regularly  disposed  with 
regard  to  them.     And  they  are  not  covering-plates ;  for  in  that  case 
the  covering- plates  would   be  wider  than   the  arm,  which  is  im- 
possible.    In   the  actual  specimen  they  present  the  appearance  of 
fluted  impressions,  the  flutings  being  parallel  to  one  another,  and 
inclined    upwards   at  rather   less  than  a  right  angle  to  the  arm. 
About  two  flutings  go  to  a  brachial.    It  is  impossible  to  tell  whether 
the  elements  represented  by  the  flutings  were  separate  from  one 
another,   or   fixed   by  their  adjacent  sides.     Neither  is  it  certain 
whether  the  element  represented  by  each  fluting  was  in  one  piece, 
or  composed  of  a  series  of  ossicles,  as  would  be  the  case  with  a 
pinnule.      In   fine,   they  are   mysterious    structures,  and    I   don't 
understand  them. 

Of  the  Stem,  the  proximal  2  mm.  are  preserved.  It  consists  of 
low  ossicles,  alternating  in  height,  and  the  higher  ones  projecting 
slightly  beyond  the  others.  The  width  where  it  joins  the  cup  is 
1*5  mm.,  and  thence  it  tapers  slightly  distalwards. 

The  crushed  state  of  presei^vation  and  imperfection  of  the  speci- 
men prevent  one  from  referring  it  to  any  known  genus,  and  still 
more  from  founding  a  new  genus  for  its  reception.  But  the  peculiar 
and  novel  features  that  it  presents  have  led  me  to  publish  this 
description. 

Wax  squeezes  of  these  specimens  are  preserved  in  the  Geological 
Department  of  the  British  Museum  (Nat.  Hist.),  where  any  student 
can  see  them  on  application  ;  they  are  registered  E  6484  and 
E  6485,  respectively. 


YII. — On  thk  Comrie  Earthquake  of  July  12,  1895,  and  on  th* 
Hade  of  the  Southern  Border  Fault  of  the  Highlands. 

By  Charles  Davison,  M.A.,  F.G.S. ; 
Mathematical  Master  at  King  Edward's  High  School,  Birmingham. 

IN  Mallet's  great  ''Catalogue  of  Recorded  Earthquakes/'  the 
name  of  Comrie  first  appears  under  the  date  September  2, 
1789,  and,  from  that  time  until  the  present  day,  the  village  has 
been  widely  known  as  a  centre  of  earthquake  shocks  and  sounds. 
For  many  years  past,  however,  they  have  become  more  and  more 
rare :  the  shocks,  when  they  have  occurred,  have  been  exceedingly 
slight,  and  the  disturbed  areas  correspondingly  small.  Several 
persons  living  but  a  few  miles  from  Comrie  inform  me  that  they 
have  never  felt  a  shock;  and  those  who  reside  in  the  village  itself 
often  speak  of  "  hearing"  the  earthquakes,  as  if  the  vibrations  did 
not  generally  exceed  that  limiting  degree  when  they  are  perceptible 
only  to  the  ear. 
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On  the  12th  of  last  July,  at  aboofc  7.40  a.m.  (6.M.T.),  a  slight 
but  undoabted  shook  was  felt  at  Comrie  and  for  a  few  miles  around. 
Houses  are  unfortunately  somewhat  widely  scattered  in  the  district, 
and  it  has  been  difficult  to  collect  as  many  records  as  could  be 
desired.  I  have  succeeded  in  obtaining  only  21  observations  from 
19  different  places,  and  even  this  number  would  have  been  smaller 
had  it  not  been  for  the  kindly  assistance  of  Mr.  T.  Boston,  of 
Balmuick,  who  supplied  me  with  the  names  of  several  observers, 
and  also  with  three  or  four  records  of  considerable  value.  In 
addition  to  the  above  places,  I  have  received  information  from  17 
others,  where,  so  far  as  is  known,  no  trace  of  the  earthquake  was 
perceived.  These  are  of  some  assistance  in  drawing  the  boundary 
of  the  disturbed  area,  though  less  than  is  usually  the  case,  either 
on  account  of  their  outlying  position  or  of  the  small  number  of 
inhabitants  they  contain.^ 

On  the  accompanying  map  (Fig.  1),  a  small  disc  with  a  cross 
through  it  indicates  that  the  shock  was  felt  and  the  sound  heard, 
a  small  circle  with  a  cross  that  the  sound  was  heard  but  the  shock 
not  felt,  a  cross  that  the  sound  alone  was  observed,  and  a  circle  that 
no  trace  of  the  earthquake  was  perceived. 

The  continuous  line  represents  the  isoseismal  line  corresponding 
to  intensity  III  of  the  Kossi-Forel  scale.  The  area  enclosed  by  it 
is  B\  miles  long,  ^\  miles  broad,  and  contains  18^  square  miles. 
Its  centre  lies  ^mile  south-west  of  Comrie,  or  half-way  between 
Boss  and  Dalginross. 

Outside  this  line  the  shock  was  certainly  felt  at  two  other  places, 
at  Easter  Ballindallooh  very  slightly,  and  rather  more  strongly  at 
Westerton.  At  several  other  places  outside  the  isoseismal  III  the 
sound  only  was  observed.  This  was  the  case  at  Braefordie,  Carro- 
glen,  Glenturret  Lodge,  Wester  Dundern,  and  Easter  Dundern,  but 
at  the  last-named  place,  it  should  be  mentioned,  the  observer  was  at 
work  in  the  open  air,  and  therefore  in  a  most  unfavourable  position 
for  detecting  a  weak  tremor.  Similar  observations  to  the  south  of 
the  disturbed  area  are  not  forthcoming,  but  it  is  clear  that,  to  the 
north  and  west  at  any  rate,  the  sound-area  overlapped  the  disturbed 
area. 

^  Authorities. — Aberuchill,  Mr.  M.  M'lntosh ;  Ardvorlich,  Col.  J.  Stewart ; 
Auchnafree,  Mr.  A.  Richards ;  Balmuick,  Mr.  T.  Boston  ;  Bishopsfauld,  Mr.  T.  E. 
Robertson ;  Braefordie,  Mr.  J.  Stewart ;  Carroglen,  Mr.  T.  Boston ;  Clathick, 
Capt.  W.  C.  Colquhoun ;  Comrie,  Mr.  S.  Campbell,  Rev.  W.  Hall,  Rey.  A.  C. 
Watt;  Cultj-Craggan,  Mrs.  Finlayson;  Crieff,  Mr.  G.  Straithaim;  Dalchmin, 
Mr.  W.  Caims ;  -Dalchonzie,  Miss  Newbigging ;  Easter  liallindalloch,  Mr.  J. 
Campbell ;  Easter  Dalginross,  Mr.  D.  W.  Kemp ;  Easter  Dundern,  Mr.  P. 
M'Laren;  Fairness,  Mr.  W.  Bell;  Foulis,  Rey.  T.  Hardy;  Garrichrew,  Mr.  J. 
McLaren ;  Gilmerton,  Rev.  G.  Henderson ;  Glenample,  Mr.  T,  Walters ; 
Glenturret  Lodge,  Mr.  T.  Boston ;  Innergeldie,  Mr.  J.  Craig ;  Lagran,  Mr.  D. 
Ewing ;  Lawers,  Col.  D.  R.  Williamson ;  Little  Port,  Mr.  J.  Morrison ; 
Locherlour,  Mr.  S.  Campbell ;  Madderty,  Ri»v.  L.  C.  M.  Wedderbum  ;  Ross, 
Mr.  R.  M*Laren;  St.  Fillans,  Rev.  T.  Armstrong:  Tyghnablair,  Mr.  P. 
M'Intyre;  Toraanor,  Mr.  A.  McNaughton;  Wester  Ballindalloch,  Mr.  T.  Boston; 
Wester  Dundern,  Mr.  P.  M'Ara  ;  Westerton,  Mr.  D.  Keith  Murray.— I  beg  to 
offer  my  hearty  thanks  to  the  above  ladies  and  gentlemen,  and  also  to  Mr.  J. 
Robertson,  of  Coupar  Angus,  who  kindly  sent  me  early  notice  of  the  occorreno 
of  the  earthquake. 
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Tbe  sboolc  was  an  exoeedingly  alight  one.  Its  intensity  was 
greatest  at  and  near  Comrie,  but  even  here  it  was  less  than  lY, 
thai  is  to  say,  it  was  not  strong  enough  to  make  doors,  windows^ 
eto.,  generally  rattle,  though  in  isolated  oases  this  may  have 
happened.  At  Comrie  it  consisted  of  a  slight  uninterrupted  tremor, 
lasting  two  or  three  seconds,  accompanied  by  a  rumbling  sound  like 
the  passing  of  a  heavy  carriage  or  the  discharge  of  stones  from  a  cart. 
The  beginning  of  the  sound  preceded  that  of  the  shock  at 
Dalchonzie,  Saster  Ballindalloch  and  Tomanor;  coincided  with  it 
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Fio.  1. — Diagram-map  of  the  Comrio  Earthquake. 

at  Comrie  and  possibly  also  at  Bigbopsfauld ;  and  followed  it  at 
Robs.  The  end  of  the  sound  preceded  that  of  the  shock  at  Easter 
Ballindalloch,  and  followed  it  at  Bishopsfauld  and  Boss. 

The  broken  line  on  the  map  indicates  the  course  of  the  great 
BOQthem  border  fault  of  the  Highlands.  It  has  always  been 
customary  to  associate  the  Comrie  earthquakes  with  movements 
taking  place  along  this  fault.  The  evidence,  so  far,  has  perhaps 
hardly  been  sufficient  to  amount  to  a  proof  of  the  supposed  connexion, 
bat  in  the  present  case  the  position  of  the  disturbed  area  and  the 
direction  of  its  longer  axis  seem  to  me  a  strong  argument  in  its 
favour.  In  the  case  of  so  slight  a  shock,  the  phenomena  are  of  the 
limplest  possible  character,  but,  so  far  as  I  know,  there  is  nothing 
inconsistent  with  the  view  tlmt  the  earthquake  was  caused  by 
a  slight  slip  of  one  of  the  system  of  faults  taking  place  in  the 
immediate  neighbourhood  of  Comrie. 
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is  almost  perfectly  level,  and  it  breaks  off  in  a  well-marked  sea: 
overlooking  the  valley  of  the  Medina  at  a  level  of  (about)  350  fe 
above  the  stream ;  the  upper  surface  of  the  plateau  is  about  403  fe 
above  O.D.*  The  terrace  is  formed  of  rudely  stratified  beds  of  gra\ 
and  lenticular  bands  of  yellow  sand  and  loam  ;  current  laminatii 
being  slightly  apparent  in  some  places;  the  whole  resting  on  tl 
Lower  Greensltnd.  The  pebbles,  which  are  generally  well  round* 
and  waterwom,  consist  mainly  of  flint ;  but  there  are  a  few  of  gr 
ironstone,  and  detritus  of  Lower  Greensand.  The  whole  depoi 
18  about  50  feet  thick,  of  which  about  half  the  thickness  is  la 
open  to  view  in  the  large  gravel-pit  above  Blackwater  station.  ( 
reaching  the  surface  of  the  plateau  one  perceives,  at  a  distance 
half  a  mile,  the  rounded  ridge  of  the  Chalk  rising  slightly  above 
and  we  easily  recognize  that  we  are  walking  on  the  floor  of  the  o 
sea-bed  which  terminated  against  the  uprising  ridge  of  the  Chal 
from  which  the  materials  were  largely  derived. 

Headon  Bill. — This  remarkable  outlier  is  described  by  Mr.  Bristol 
and  other  authors ;  and  its  relations  to  the  terrace  of  St  Georgi 
Down  can  scarcely  be  mistaken.     In  composition,  in  altitude,  and 
its  relations  to  the  Chalk  ridge,  the  conditions  are  almost  identic^ 
except  that  Headon  lies  to  the  north  of  the  ridge,  St  Georg< 
Down  to  the  south  of  it.     The  distance  between  the  two  is  abo 
17   miles,   and   the  gravel-beds    of    Headon    rest   on  the    Upp 
Tertiary  strata  of  the  Isle  of  Wight  series.     Like  the  St  Georg< 
beds,  the  Chalk  ridge  formed  the  limit  in  one  direction  to  the  ran. 
of  the  gravel- bed  ;   towards  the  north  and  west  it  breaks  off 
the  well-known  cliff  of  Alum  Bay.     The  height  of  the  summit 
(according  to  Bristow)  370  feet;  my  aneroid  measurement  mak 
the  height  388  feet ;  in  either  case  the  level  approximates  to  that 
St.  George's  Down ;  and  the  important  point  remains  to  be  notice 
that  once  we  reach  the  400  feet  level,  and  ascend  the  ridge  of  t 
Chalk  downs,  these  beds  of  stratified  gravel  cease,  and  are  replac 
by  local  flint-gravel  derived  from  the  underlying  Chalk,  and  h 
behind  after  the  calcareous   matter  had   been   dissolved   away 
subsBrial  agencies.^ 

It  is  unnecessary  to  go  into  further  details  in  order  to  show  tl 
after  the  upheaval  and  denudation  of  the  Tertiary  beds  of  the  h 
of  Wight  the  district  was  submerged,  beds  of  sand  and  grav 
derived  mainly  from  the  waste  of  the  Cretaceous  rocks,  were  Is 
down,  and  the  whole  were  subsequently  elevated  to  an  extent 
about  400  feet,  as  indicated  by  the  levels  of  Headon  Hill  and  I 
George's  Down.  The  relations  of  the  gravel-beds  to  the  older  roc 
enable  us  to  fix  definitely  the  amount  of  this  elevation ;  and  this 
the  point  to  which  I  wish  particularly  to  call  attention  to  in  tl 
short  communication. 

>  By  aneroid  measurement.  The  gravel  of  St.  George's  Down  has  been  descril 
by  Mr.  Codrington. 

»  "Geol.  of  the  Isle  of  Wight'*:  Mem.  Geol.  Survey  (1862),  p.  104. 

'  The  two  varieties  of  gravel  are  very  well  shown  on  the  Survey  map  alrei 
referred  to. 
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y. — ^NoTB   ov   THB  Affihitiis  or  THB  Emolibh  Wsaldem  Fish- 
Fauna. 

Bj  Abthub  Smith  Woodward,  F.L  8.,  F.6.8., 
Of  the  British  Mnseiim  (Natural  History). 

rB  qoeation  of  the  affinities  of  the  Wealden  Vertebrate  Fauna 
haTing  been  re-opened  by  Professor  Marsh  in  his  paper  on  the 
Dinoeaoria,  read  before  the  last  meeting  of  the  British  Association 
at  Ipswich,'  it  may  be  of  interest  to  place  on  record  a  complete  list 
of  uie  species  of  fishes  now  known  from  the  English  Wealden 
deposits.  This  is  more  extensive  than  any  preyious  list,  being 
based  on  the  uniqae  collection  in  the  British  Museum,  which  has 
only  lately  been  examined  in  detail.  Unfortunately,  however,  none 
of  the  specimens,  except  a  few  examples  of  Lepidoitu,  are  labelled 
to  indicate  the  precise  horizon  from  which  they  were  obtained ;  and 
Bcaroely  any  of  the  names  of  localities  are  very  definite.  The  various 
species  may  be  enumerated  in  zoological  order  as  follows : — 

Sfbodtu  basamii,  Egerton,  Quart.  Joum.  Geol.  Soc.,  toI.  i  (1845),  p.  197,  pi.  It; 

A.  S.  Woodward,  Catal.  Fofls.  Fishes  Brit.  Mus.,  pt.  i  (1889),  p.  273,  pi.  xii, 

tLm.  l-6y  and  Proc.  Torksh.  Geol.  and  Poljt.  Soc.,  toI.  xii  (1891),  p.  63, 

pf.  i,  pi.  ii,  fig.  1.    Coast  of  Sussex  and  Isle  of  Wight. 
Sybodus  ttriatulut,  Agassiz,  Poiss.  Fobs.,  toI.  iii  (1837),  p.  44,  pi.  v'mb,  fig.  1. 

Tilgate  Forest. 
Bybodus  subearinatu*y  Agassiz,  ibid.  p.  46,  pi.  x,  figs.  10-12.     Sussex. 
Eyhodut  sp. :  miscellaneous  teeth,  some  named  Merittodon  paradoxus  by  Agassiz, 

op.  cit.j  Tol.  iii  (1843),   p.   286,  pi.  xxxvi,  figs.  53--56,  othern  figured  in 

Catal.  Fofls.  Fishes  Brit.  Mus.,  pt.  i  (1889),  pi.  xi,  figs.  14-16.     Tilgate 

Forest. 
Aarodus  hirudoy  Agassiz,  op.  eit.,  vol.  iii  (1839),  p.  148,  pi.  xxii,  fig.  27;  A.  S. 

Woodward,  op.  eit.,  pt.  i  (1889),  p.  296,  pi.  xiiS,  tig.  9.    Tilgate  Forest, 

and  Telham,  near  Battle. 
Aerodus  omatut,  A.  S.  Woodward,  op,  eit.,  pt.  i  (1889),  p.  296,  pi.  xiii,  fig.  10. 

Brixton,  Isle  of  Wight. 
AtteraeanthuM  granulomsy  Egerton,  Ann.  Mag.  Nat.  Hist.  [2],  toI.  xiii  (1854), 

p.  434,  and  Figs,  and  Doscript.  Brit.  Oiganic  Remains,  dec.  riii.  (Mem. 

Ueol.  Sunr.,  18o5),  No.  1,  pi.  i.     Tilgate  Forest. 
LepidotuB  Mantelli,  Agassiz,  op.  cit.j  vol.  ii  (1833-37),  pt.  i,  pp.  9,  262,  pi.  xxx, 

figs.    10-15,   pi.    xxxa,    figs.   4-6,   pi.    xxxft,    fig.  2,   pf.   xxxc,    tigs.   1-7. 

Including  Lepidotua  Fittoniy  Agassiz  {ibid.f  p.  265,  pi.  xxx,  ^si.  4-6,  pi. 

xxxa,  excl.  tigs.  4-6,  pi.  xxxd,  excl.  fig.  2),  and  TetragonokpiM  mastodonteutf 

Agassiz  {ibid.,  p.  216,  pi.  xxiii^,  figs.  3,  4).     Sussex. 
Cielodus  Mantelli  (Agassiz),   Meckel,    Denkschr.  k.  Akad.  Wiss.,   math.-naturw. 

CI.  Tol.  vi  (1856),  p.  203 ;  Fyenodus  Mantelli  and  Gyrodtu  Mantelli^  Agassiz, 

op.  eit.,  vol.  ii,  pt.  ii,  pp.  196,  234,  pi.  Ixixa,  fig.  18,  pl.  Ixiia,  figs.  6-14. 

Sussex. 
Caturus  Hp.,  A.  S.  Woodward,  op.  eit.,  pt.  iii  (1895)^  p.  350.     Hastings. 
Xtrjrhomboiepis  valdensis,  A.  S.  Woodward,  ibid.,  p.  356,  pl.  viii,  fig.  5.    Hastings. 
Bflotto8(otHUM  sp.,  A.  S.  Woodward,  ibid.,  p.  439.     Isle  of  Wight. 
OligopUurtu  veetenaia,  A.  S.  Woodward,  Proc.  Zool.  Soc,  1890,  p.  346,  pl.  xxriii, 

fig.  1.     Isle  of  Wight. 

Nine  genera  of  fishes  are  thus  represented  in  the  English 
Wealden,  and  all,  except  Caturus,  are  known  by  suffioiently 
cbaracteristio  specimens  to  be  determined  with  certainty. 

Of  these  finhes,  the  three  Elasmobranchs  Hybodus,  Aerodus, 
and  AsieracanihuB  are  essentially  Jurassic.  The  beautiful  examples 
of  the  skeleton  of  Hyhodus  basanus  from  the  Sussex  coast  prove 
1  Abstract  published  in  Gbol.  Mao.  [4],  Vol.  Ill,  pp.  1-9  (1896). 
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is  almost  perfectly  level,  and  it  breaks  off  in  a  well-marked  sea 
overlooking  the  valley  of  the  Medina  at  a  level  of  (about)  350  U 
above  the  stream ;  the  upper  surface  of  the  plateau  is  about  403  U 
above  O.D.*  The  terrace  is  formed  of  rudely  stratified  beds  of  gra\ 
and  lenticular  bands  of  yellow  sand  and  loam  ;  current  laminati< 
being  slightly  apparent  in  some  places;  the  whole  resting  on  t 
Lower  Greensltnd.  The  pebbles,  which  are  generally  well  round 
and  waterwom,  consist  mainly  of  flint ;  but  there  are  a  few  of  gr 
ironstone,  and  detritus  of  Lower  Greensand.  The  whole  depoi 
is  about  50  feet  thick,  of  which  about  half  the  thickness  is  la 
open  to  view  in  the  large  gravel-pit  above  Black  water  station.  ( 
reaching  the  surface  of  the  plateau  one  perceives,  at  a  distance 
half  a  mile,  the  rounded  ridge  of  the  Chalk  rising  slightly  above 
and  we  easily  recognize  that  we  are  walking  on  the  floor  of  the  o 
sea-bed  which  terminated  against  the  uprising  ridge  of  the  Chal 
from  which  the  materials  were  largely  derived. 

Headon  Hill. — This  remarkable  outlier  is  described  by  Mr.  Bristol 
and  other  authors ;  and  its  relations  to  the  terrace  of  St.  Georg< 
Down  can  scarcely  be  mistaken.  In  composition,  in  altitude,  and 
its  relations  to  the  Chalk  ridge,  the  conditions  are  almost  identic^ 
except  that  Headon  lies  to  the  north  of  the  ridge,  St  Georg< 
Down  to  the  south  of  it  The  distance  between  the  two  is  abo 
17  miles,  and  the  gravel-beds  of  Headon  rest  on  the  Upp 
Tertiary  strata  of  the  Isle  of  Wight  series.  Like  the  St  Georg< 
beds,  the  Chalk  ridge  formed  the  limit  in  one  direction  to  the  i-auj 
of  the  gravel-bed ;  towards  the  north  and  west  it  breaks  off 
the  well-known  cliff  of  Alum  Bay.  The  height  of  the  summit 
(according  to  Bristow)  370  feet;  my  aneroid  measurement  raak 
the  height  388  feet ;  in  either  case  the  level  approximates  to  that 
St  George's  Down ;  and  the  important  point  remains  to  be  notice 
that  once  we  reach  the  400  feet  level,  and  ascend  the  ridge  of  tl 
Chalk  downs,  these  beds  of  stratified  gravel  cease,  and  are  replac 
by  local  flint-gravel  derived  from  the  underlying  Chalk,  and  h 
behind  after  the  calcareous  matter  had  been  dissolved  away  1 
subsBrial  agencies.^ 

It  is  unnecessary  to  go  into  further  details  in  order  to  show  tli 
after  the  upheaval  and  denudation  of  the  Tertiary  beds  of  the  h 
of  Wight  the  district  was  submerged,  beds  of  sand  and  grav 
derived  mainly  from  the  waste  of  the  Cretaceous  rocks,  were  la 
down,  and  the  whole  were  subsequently  elevated  to  an  extent 
about  400  feet,  as  indicated  by  the  levels  of  Headon  Hill  and  i 
George's  Down.  The  relations  of  the  gravel-beds  to  the  older  roc 
enable  us  to  fix  definitely  the  amount  of  this  elevation ;  and  this 
the  point  to  which  I  wish  particularly  to  call  attention  to  in  tl 
short  communication. 

>  By  aneroid  measurement.  The  gravel  of  St.  George's  Down  has  been  descril 
by  Mr.  Codrington. 

»  "Geol.  of  the  Isle  of  Wight'*:  Mem.  Geol.  Surrey  (1862),  p.  104. 

'  The  two  yarieties  of  gravel  are  very  well  shown  on  the  Survey  map  alrei 
referred  to. 
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7.— Nom   ov   THB  Affikitiis  or  thb  Emolibh  Wsaldem  Fish- 
Fauna. 

Bj  A&THUB  Smith  Woodwaiio,  F.L  S.,  F.6.S., 
Of  tb6  British  Mnseiim  (Natural  HiBtory). 

rnHE  qnettion  of  the  affinities  of  the  Wealden  Vertebrate  Fauna 
JL  haTing  been  re-opened  by  Professor  Marsh  in  his  paper  on  the 
Dinosauria,  read  before  the  last  meeting  of  the  British  Association 
at  Ipswich,^  it  may  be  of  interest  to  plaoe  on  record  a  complete  list 
of  uie  speoies  of  fishes  now  known  from  the  English  Wealden 
deposits.  This  is  more  extensive  than  any  preyious  list,  being 
based  on  the  uniqae  collection  in  the  British  Museum,  which  has 
only  lately  been  examined  in  detaiL  Unfortunately,  however,  none 
of  the  specimens,  except  a  few  examples  of  Lepidoiui,  are  labelled 
to  indicate  the  precise  horizon  from  which  they  were  obtained ;  and 
Nsroely  any  of  the  names  of  localities  are  very  definite.  The  various 
ipecies  may  be  enumerated  in  zoological  order  as  follows : — 

E^hodus  ftoMiiaM,  Egerton,  Quart.  Jouni.  Geol.  Soc.,  toI.  i  (1846),  p.  197,  pi.  It; 

A.  S.  Woodward,  Catal.  Foss.  Fbhes  Brit.  Mus.,  pt.  i  (1889),  p.  273,  pi.  xii, 

figs.  1-6,  and  Pnic.  Yorksh.  Oeol.  and  Polyt.  Soc.,  yol.  xii  (1891),  p.  63, 

pi.  i,  pi.  ii,  fig.  1.    Coast  of  Sussex  and  Isle  of  Wight. 
S^hodus  striatulut,  Agaaaiz,  Poiss.  Foss.,  vol.  iii  (1837),  p.  44,  pi.  viub,  fig.  1. 

Tilgate  Forest. 
Bifbodus  tubcarinatusj  Agassiz,  ibid.  p.  46,  pi.  x,  figs.  10-12.     Sussex. 
EyboduM  sp. :  miscellaneous  teeth,  some  named  Merittodon  paradoxus  by  AgOKsiz, 

cp,  cit.,  yol.  iii  (1843),   p.  286,  pi.  xxxvi,  figs.  53-56,  other?*  figured  in 

Catal.  Foss.  Fishes  Brit.  Mus.,  pt.  i  (1889),  pi.  xi,  figs.  14-16.     Tilgate 

Forest. 
AaroduM  hirudOj  Agassiz,  op.  eit.,  vol.  iii  (1839),  p.  148,  pi.  xxii,  fig.  27 ;  A.  S. 

Woodward,  op.  eit.,  pt.  i  (1889),  p.  296,  pi.  xiii,  tig.  9.     Tilgute  Forest, 

and  Telham,  near  Battle. 
AerodtM  ornatua^  A.  S.  Woodward,  op,  eit.y  pt.  1  (1889),  p.  296,  pi.  xiii,  fig.  10. 

Brixton,  Isle  of  Wight. 
AsteracanthuM  granulotMy  £ti:erton,  Ann.  Mag.  Nat.  Hist.  [2],  vol.  xiii  (1854), 

p.  434,  and  Figs,  and  Dqscript.  Brit.  Oipinic  Remains,  dec.  viii.  (Mem. 

Oeol.  Surv.,  18o5),  No.  I,  pi.  i.     Tilgate  Forest. 


Lfpidotut  Manfeili,  AgObsiz,  op.  eit.y  vol.  if  (1833-37),  pt.  i,  pp.  9,  262,  pi.  xxx, 

figs.   10-16,   pi.   xxxtf,    figs.  4-6,   pi.    xxxft,    fig.  2,   pi.   xxxc,   figs.   1-7. 

Including  Zepidotus  Fittoniy  Agnssiz  (iftirf.,  p.  265,  pi.  xxx,  fips.  4-6,  pi. 

xxxtf,  excl.  figs.  4-6,  pi.  xxxd,  cxcl.  fig.  2),  and  Tetroffonoltpia  mastodonteuty 

Agassiz  {ibid.y  p.  216,  pi.  xxiii^,  figs.  3,  4).     Sussex. 
Calodus  ManteUi  (Agassiz),  Ileckel,   Denkschr.  k.  Akad.  Wise.,   math.-naturw. 

CI.  vol.  vi  (1856),  p.  203 ;  Pycnodus  ManteUi  and  Gyrodus  ManteUi,  Agassiz, 

op.  cit.y  vol.  ii,  pt.  ii,  pp.  196,  234,  pi.  Ixixrt,  fig.  18,  pi.  Ixiia,  tigs.  6-14. 

Sussex. 
Caturus  sp.,  A.  S.  Woodward,  op.  eit.y  pt.  iii  (1895)^  p.  350.     Hastings. 
XeurhomboUpiB  vaidensiSy  A.  S.  Woodward,  ibid.y  p.  356,  pi.  viii,  fig.  5.    Hastings. 
hfloHostonitu  sp.,  A.  S.  Woodward,  ibid.y  p.  439.     Isle  of  Wight. 
OHffopleuruM  veetenaiSy  A.  S.  Woodward,  Proc,  Zool.  Soc,  1890,  p.  346,  pl.  xxviii, 

fig.  1.     Isle  of  Wight. 

Xine  genera  of  fishes  are  thus  represented  in  the  English 
Wealden,  and  all,  except  CaturuSy  are  known  by  sufficiently 
characteristic  specimens  to  be  determined  with  certainty. 

Of  these  finhes,  the  three  Elasmobranchs  Hyhodusy  AcroduSy 
and  Asteracanihtu  are  essentially  Jurassic.  The  beautiful  examples 
of  the  skeleton  of  Hybodus  basanua  from  the  Sussex  coast  prove 
1  Abstract  published  in  Geol.  Mao.  [4],  Vol.  Ill,  pp.  1-9  (1896). 
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that  this  shark  had  a  persistent  notochord  and  other  charact 
like  the  typical  species  of  the  genus  in  the  Lower  Lias  of  L}' 
Regis.  They  show  only  one  difference  from  the  Liassic  ty 
namely  in  the  cephalic  spines;  the  Wealden  specimens  not  be 
barbed  and  never  observed  in  more  than  one*  pair.  In  Cretace* 
strata,  on  the  other  hand,  there  i&  no  certain  evidence  of  Hyhoc 
Most  of  the  teeth  commonly  ascribed  to  this  fish  probably  belc 
to  another  shark  (Synechodus),  which  has  well-developed  verteb 
centra  and  smooth  dorsal  fin-spines ;  while  the  ribbed  dorsal  1 
spines  occasionally  found  in  the  English  Gault,  Cambridge  Gre^ 
sand,  and  Upper  Greensand,  may  be  referable  either  to  ITyboi 
or  Acrodus,  Typical  teeth  of  the  latter  occur  rarely  in  the  Ga 
of  Folkestone,  but  are  not  known  elsewhere.  The  tubercula 
fin -spines  of  Asieracanthus  are  scarce  in  the  Wealden,  and  hi 
never  been  recorded  from  a  higher  horizon,  unless  a  fragm< 
described  by  Pictet  from  the  Lower  Neocomian  of  Switzerlac 
happens  to  be  of  a  little  later  date. 

Lepidotus  Mantelli  is  most  closely  related  to  the  species  from 
Lithographic  Stone  of  Bavaria.  Only  few  and  fragmentary  rema 
of  the  same  genus  are  known  from  the  Neocomian,  and  all  fr 
ments  of  later  date  are  very  doubtfully  placed  here.  Caturus 
also  typically,  if  not  exclusively,  Jurasdic;  and  the  abraded  sk 
in  the  British  Museum  from  the  Wealden  of  Hastings  (No.  P.  63( 
cannot  be  generically  distinguished  from  that  of  this  fish.  Oli 
pleurus  is  also  known  only  from  the  Jurassic,  occurring  in 
Lithographic  Stone  (Lower  Eimmeridgian)  of  Ain,  France,  e 
in  the  Purbeck  Beds  of  Dorsetshire. 

Belonostomus  ranges  throughout  the  Upper  Jurassic  and  to 
Upper  Cretaceous,  with  a  very  wide  geographical  distribution ;  1 
the  only  known  specimens  from  the  Wealden  are  too  imperf 
to  determine  whether  they  are  most  closely  related  to  the  earl 
or  to  the  later  species.  Neorhombolepin,  however,  although  v< 
rare,  is  an  essentially  Cretaceous  fish,  the  typical  species  occurri 
in  the  Lower  Chalk  of  Kent ;  and  it  is  noteworthy  that  the  m 
closely  related  genus,  Otomitla,  is  found  in  the  Neocomian 
Mexico.'  The  Pycnodont  Cadodus  is  also  typically  Cretaceo 
though  represented  occasionally  in  the  Purbeck  Beds  and  otl 
formations  on  the  horizon  dividing  the  Jurassic  and  Cretacec 
series. 

The  result  is,  therefore,  that  all  the  known  English  Weak 
fishes  are  survivors  of  typically  Jurassic  genera,  except  Neorhc 
bolepis  and  Cctlodus,  and  these  are  their  little-modified  rep 
sentatives.  None  but  Belonostomus  appear  to  range  throughout  t 
Cretaceous.  In  fact,  the  Wealden  estuary  seems  to  have  been  1 
last  refuge  of  the  Jurassic  marine  fish-fauna  in  this  part 
the  world,  not  invaded  even  by  stragglers  fi-om  the  dominant  ri 

^  Aiteraeanthu*  granulottu  (Agassiz),  Pictet  and  Campiche,  '*  Foss.  T( 
Cr^t-ice  St.  Croix,"  p.  98,  pi.  xii,  fi^.  ii  (1859). 

'  J.  Felix,  Palsontogr.,  toI.  xxxni,  p.  189,  pi.  xxix,  fig.  iii,  pi.  xxx,  figs.  ; 
(1891). 
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of  higher  fishes  wbioh  oharaoterized  all  the  seas  of  the  Cretaoeons 
period.  The  Wealden  river  drained  a  land  where  a  t^'pically 
Jnrassio  flora  flourished  ' ;  the  only  two  known  Mammalian  teeth 
from  the  Wealden  resemble  those  of  a  Purbeokian  genus';  and 
now  it  is  olear  that  tbe  fishes  agree  both  with  these  and  the  reptiles 
in  their  allianoe  witb  the  life  of  the  Jurassic  era. 


TI. — M.EROCIUNUS   Salopijb,   n.sp.,  and   another    Crinoid,    from 
THE  Middle  Oruoyioian  or  West  Shropshire. 

By  F.  A.  Bather,  M.A. 

IN  Jane,  1895,  Mr.  G.  H.  Morton,  F.G.S.,  of  Liverpool,  submitted 
to  me  three  specimens  of  Crinoidea,  registered  No.  681  in  bis 
collection.  One  of  these  specimens  was  a  stem-fragment,  impossible 
to  determine ;  but  the  other  two  appeared  of  suoh  interest  that 
Mr.  Morton  very  kindly  allowed  me  to  make  a  detailed  study  of 
them.  The  results,  though  not  so  complete  as  might  be  wished, 
are  now  submitted  to  geologists  and  zoologists,  in  order  that  the 
former  may  look  out  for  further  specimens,  and  the  latter  give  us 
the  benefit  of  their  opinion. 

Locality. — With  regard  to  all  three  specimens,  Mr.  Morton  writes, 
under  date  24th  July,  1895 :  "  I  obtained  them  25  or  30  years  ago 
at  Mincop,  the  name  of  a  farmhouse,  at  the  north  end  of  a  low 
hill  which  ends  there,  being  near  the  east  end  of  a  dyke  marked  red 
on  the  1-inoh  map,  60,  N.E.  (Welshpool),  on  the  S.E.  of  the  map. 
They  were  collected  in  a  small  quarry,  or  rather  large  hole,  iu 
a  field  above  the  house.,  just  inside  the  gate  of  the  field.  I  went 
there  seven  years  ago,  but  found  the  hole  filled  up  and  com  growing 
over  the  spot,  so  that  there  is  no  chance  of  obtaining  any  more 
specimens  there.  Mr.  Watts  told  me  that  he  had  found  the  same 
bed  on  tbe  strike,  but  I  do  not  think  any  fossils." 

Horizon,  —  On  page  17  of  "The  Geology  ...  of  the  Country 
around  Shelve,*'  issued  at  the  end  of  Proc.  Liverpool  Geol.  Soc, 
session  x,  1869,  Mr.  Morton  thus  describes  the  beds :  "  In  ascending 
order  [the  Priest- Weston  sandstone]  is  succeeded  by  the  strata  of 
Mincop  and  Meadow  Town,  composed  of  hard  light  grey  sandstones, 
iiiterstratified  with  shales  possessing  an  indurated  appearance.  These 
sandstones,  which  run  in  beds  about  six  inches  thick,  contain  very 
good  examples  of  Strophomena  compressa,  Or  this  testudinaria,  Beyrichia 
eomplicaia,  TriniAcletts  concentricus,  Calymene  brevicapitata,  Diplo^ 
grapsus  pristia,  Pyritonema  fasciculus^  Qlyptocrinus  basalts,  and 
others.  Tbe  shales  associated  with  the  sandstones  in  many  places 
contain  innumerable  trilobite  impressions,  Asaphus  tyrannus.*'  The 
name  Olyptocrinus  basalts  in  the  preceding  list  refers,  Mr.  Morton 
tells  me,  to  all  three  specimens.     The  stem- fragment  presenta  some 

'  A.  C.  Seward,  **  Catalogue  of  the  Mesozoic  Plants,  Brit.  Mus. — The  Wealden 
Flora,  part  ii,"  p.  240(1895). 

"  A.  S.  Woodward,  **  On  a  Mammalian  Tooth  from  the  Wealden  Formation  of 
Ha«»ting8,"  l^xKJ.  Zool.  Soc.  1891  (1892),  p.  686;  R.  Lydekker,  **0n  a 
MamitiiiriaTi  Jncisor  from  the  Wealden  of  Hastings,*'  Quart.  Joum.  Geol.  Soc., 
vol.  xlix,  p.  281  (1893). 
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resemblance  to  the  stem  of  O.  basalts,  M'Coy,  but  not  enough  to 
warrant  the  use  of  the  name.  The  two  other  specimens  are  certainly 
not  Qlyptocrinus.  The  rocks  just  described  are  part  of  the  **  Middleton 
Group,"  which  is  the  middle  of  the  Meadow  Town  Series,  which  is 
the  middle  of  the  Ordovician  (see  Prof.  C.  Lapworth,  **  Preliminary 
Note  on  the  Ordovician  Rocks  of  Shropshire,'*  Geol.  Mao.,  Dec.  Ill, 
Vol.  IV,  p.  78,  1887).     Older  writers  call  them  Llandeilo  Beds. 

Description. — The  two  specimens  studied  ara  in  a  dark,  fine- 
grained, micaceous  sandstone,  and  are  in  the  form  of  moulds,  the 
calcareous  substance  of  the  crinoid  having  been  dissolved.  They 
are  therefore  best  studied  from  wax  squeezes. 

Specimen  A. 

The  lower,  or  proximal,  part  of  the  Dorsal  Cup  is  wanting.  Of 
the  basals  (BB)  a  portion  only  is  preserved.  The  radials  (RK) 
appear  to  alternate  regularly  with  the  basals,  and  do  not  appear 
to  be  horizontally  bisected.  They  are  about  as  wide  as  high, 
depressed  towards  the  iuterradial  sutures,  and  projecting  slightly 
in  the  median  line  towards  the  articular  facet.  The  facet  occupies 
the  greater  part,  but  not  quite  all,  of  the  width  of  a  radial,  so  that 
the  arms  clearly  are  separate  from  one  another ;  in  other  words,  the 
crinoid  is  an  Inadunate. 

Of  the  Arms,  four  are  visible.  They  appear  to  dichotomize  pretty 
regularly,  though  the  dichotomy  is  only  seen  clearly  in  the  second 
from  the  left.  This,  which  I  take  to  be  the  left  posterior  arm, 
has  brachials  as  follows  :  IBr,  5 ;  IIBr,  8-8 ;  IIIBr,  810-8  3 
(preserved,  ends  not  seen) ;  IVBr,  only  traces  seen.  The  next 
arm,  i.e,  the  second  from  the  right,  appears  to  be  the  right  posterior 
arm,  since  the  first  primibrach  appears  to  be  axillary,  and  supports 
a  branch  on  the  left,  which  I  take  to  be  the  anal  tube ;  of  the  right 
branch  only  three  more  brachials  are  preserved  :  in  other  words, 
four  primibrachs  in  all  are  preserved.  The  arm  on  the  right  of  the 
specimen  appears  to  be  the  right  anterior  arm  :  it  is  difficult  to 
decide  whether  the  small  branches  that  appear  to  be  given  oflf  from 
its  left  side  may  not  really  be  a  single  branch  seen  from  the  inner 
surface,  at  least  for  a  distance  of  six  ossicles,  after  which  there  are 
plainly  two  branches.  In  all  the  arms  the  proximal  primibractis 
seem  rather  wider  than  the  distal  primibrachs.  Each  brachial  seems 
to  be  slightly  wider  at  its  distal  end,  so  that  the  arms  tend  to  have 
an  imbricated  appearance. 

The  Anal  Tube  {t  in  Fig.  a),  arising  from  the  left  upper  slope  of 
IBri,  is  thinner  than  the  arm-branches  at  corresponding  levels, 
and  shows  no  signs  of  further  dichotomy.  Its  exposed  side  shows 
a  longitudinal  series  of  rounded  ossicles,  of  similar  appearance  to 
the  brachials.     The  distal  end  is  not  seen. 

Measurements :  total  height  of  specimen,  9  0  mm. ;  width  of  cup 
at  level  of  top  of  RR,  about  1*5  mm. 

Systematic  position  of  Specimen  A, — The  relation  of  arms  to  cup 
shows  that  this  specimen  belongs  to  the  Inadnnata.  The  absence 
of  the  base  does  not  enable  us  to  refer  it  to  either  Monocyclica  or 
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Diojolioa  'with  oertainty,  though  the  re^larity  of  the  oup  is  in 
&V011T  of  the  latter.  A  similar  disposition  of  the  anal  tube  is  foand, 
among  Monocyolioay  only  in  locrinus ;  among  Dioyclioa,  only  in 
Meroerinua.  So  far  as  geological  horizon  is  concerned,  the  specimen 
might  belong  to  either  of  these  genera.  Ioerinu8  is  at  present  known 
from  the '  Hudson  River  Group  of  Ohio  and  from  the  Trenton 
Limestone  of  New  York.  Merocrtnus  has  been  found  only  in  the 
Utica  Shale  of  Ohio  and  in  the  Trenton  Limestone  of  New  York. 
Neither  genus  has  hitherto  been  recorded  from  Europe. 


Jccrinus 


MerccriniLs 


Comparing  specimen  A  with  locrinus  and  Merocrinus,  we  note 
that  the  anal  tube  of  locrinus  is  composed  of  numerous  hexagonal 
plates,  set  along  the  sides  of  the  mid-rib,  as  one  may  call  it,  that 
starts  from  the  arm.  Specimen  A,  however,  shows  no  traces  of 
these  lateral  plates,  although  it  is  so  preserved  as  to  have  done 
80  had  such  been  present;  on  the  contrary,  the  anal  tube  appears 
to  have  been  a  simple  narrow  tube,  precisely  as  in  the  known 
species  of  Merocrinm,  All  known  species  of  locrinus  further 
resemble  one  another  in  the  marked  imbrication  of  the  brachials; 
while  the  species  of  Merocrinus  have  as  a  rule  smooth  brachials, 
although  JIf.  curtus,  as  figured  and  described  by  Ulrich  {** Dendrocrinns 
cnrlus,'*  Journ.  Cinoinnati  Soo.  Nat  Hist.,  II,  p.  18,  pi.  vii, 
lig.  14,  1879),  has  brachials  **  prominent  at  the  snpenor  lateral 
angle."  The  very  slight  development  of  this  feature  in  the  Minoop 
specimen  is  therefore  characteristic  of  Merocrinus  rather  than  of 
locrinus.  In  other  respects  the  specimen  might  belong  to  either 
genus;  but  the  balance  of  evideuce  favours  its  reference  to 
Merocrinus. 

In  minor  characters  specimen  A  differs  from  the  known  species 
of  both  locrinfis  and  Merocrinus.  From  locrinus  crassus  and 
I.  subcrassus  it  is  distinguished  by  its  less  robust  appearance,  less 
wide  radiala,  and  less  inibricatiou  of  the  arms,  as  well  as  by  the 
above-mentioned  character  of  the  anal  tube.  In  a  less  degree 
the  same  characters  separate  it  from  I.  trentonensiSf  a  species 
which,  according  to  Walcott's  figure  (Regent's  Keport,  N.Y.  State 
Mus.,  XXXV,  p.  210,  pi.  xvii,  figs.  7  and  8,  1884),  further  differs 
in  the  possession  of  a  slight  ridge  along  the  back  of  the  radials 
aod  primibrachs. 

From  Merocrintis  curlus  specimen  A  is  clearly  distinguished  by 
the  regular  dichotomy  of  its  amis,  for  in  M.  curtus  there  are  simple 
armlets,  ''about  half  as  stout  as  the  main  arm  from  which  they 
spring."  ITie  cup  is  also  lower  in  M.  curtus.  It  was  doubtless 
a  mere  slip  that  made  Mr.  Ulrich  describe  the  anals  of  this  species 
as  rising  from   the  right  side  of  the  right  posterior  arm,  iustead 
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of  from  tlie  left  side.  M.  lypu*  is  a  epeciea  of  totally  different 
appearance,  owing  to  all  its  cup-platea  and  braohiala  being  con* 
Bideralily  wider  than  liigh.  I'o  JIf.  eorroboralut,  the  preserved 
portion  of  specimen  A  presents  a  close  reseniblanoe ;  the  basals, 
however,  appear  to  have  been  higher  in  proportion,  the  arms  are 
a  trifle  more  slender  in  the  proximal  region,  and  their  distinct 
though  sligfat  imbrication  conatitutes  an  appreciable  difference. 
.  Therefore,  although  Mr.  Morton's  specimen  681a  is  imperfect, 
the  preceding  facts,  combined  wilh  the  abaenoe  of  other  known 
repreBentatives  of  Meroermtit  on  tliis  aide  of  the  Atlantic,  justify 
ita  being  taken  aa  the  type  of  a  new  species,  which  may  be  named 
after  the  county  of  ite  origin,  and  tbue  diagnosed: — 

MeroerinuB  Salopia,  n.ep. 
BB  and    BB  as  high   as   wide.     Anna    slender,  bifurcating  at 
intervals  of  eight  or  more  ossicles.      Br  wider,  or  wilh  a  slight 
oomioe,  at  their  distal  margin. 


.  Portion  of  the 
sqaeeeea,  h;  MiM  Q.  M.  Woodward  uid 
SrEClMEH   B. 

The  plates  of  the  Dorsal  Cup  are  disturbed.  A  btwal  and  two 
radials  can  be  distinguished.  The  radiaU  are  comparatively  large, 
and  seem  irregular  in  shape. 

The  relation  of  the  Arms  to  the  cup  seems  to  be  that  of  an 
Inadunate  orinoid.  The  arms  appear  to  have  been  regularly  dicho* 
tomoue.  Tliaton  the  right  of  the  drawing  has  IBr,  i;  IlBr,  7  in 
the  left  branch,  the  axillary  of  which  (IIAz)  bears  one  IIIBr  on 
Mk  sido.    The  evidence  of  the  specimen  is  rather  against  there 
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ba^ng  been  any  branobes  beyond  IIIBr,  or  at  least  beyond  IVBr. 
The  branches  seem  to  have  diverged  at  rather  a  wide  angle. 

The  moat  remarkable  feature  of  the  arms  are  the  structures  that 
leem   to    spring   from   the   side   of    the   brachials,   and   somewhat 
resemble    pinnules   (see    enlarged    figure    b).      The    only   known 
itructares  with   which  they  can  be  compared  are  either  pinnules 
or  covering-plates.     But  they  are  not  pinnules ;  for  they  are  more 
nnmerouB  than  the  brachials,  and  are  uot  regularly  disposed  with 
T^rd  to  them.     And  they  are  not  covering-plates ;  for  in  that  case 
the  oovering-plates  would   be  wider  than   the  arm,  which  is  im- 
possible.    In  the  actual  specimen  they  present  the  appearance  of 
fluted  impressions,  the  fiutings  being  parallel  to  one  another,  and 
inclined    upwards  at  rather   less  than  a  right  angle  to  the  arm. 
About  two  fiutings  go  to  a  brachial.    It  is  impossible  to  tell  whether 
the  elements  represented  by  the  fiutings  were  separate  from  one 
another,   or   fixed   by  their  adjacent  sides.     Neither  is   it  certain 
whether  the  element  represented  by  each  fiuting  was  in  one  piece, 
or  composed  of  a  series  of  ossicles,  as  would  be  the  case  with  a 
pinnale.      In   fine,   they  are   mysterious    structures,  and    I    don't 
understand  them. 

Of  the  Stem,  the  proximal  2  mm.  are  preserved.  It  consists  of 
low  ossicles,  alternating  in  height,  and  the  higher  ones  projecting 
slightly  beyond  the  others.  The  width  where  it  joins  the  cup  is 
1*0  mm.,  and  thence  it  tapers  slightly  distal  wards. 

The  cruslied  state  of  preservation  and  imperfection  of  the  speci- 
men prevent  one  from  referring  it  to  any  known  genus,  and  still 
more  from  founding  a  new  genus  for  its  reception.  13ut  the  peculiar 
and  novel  features  that  it  presents  have  led  me  to  publish  this 
description. 

War  squeezes  of  these  specimens  are  presei'ved  in  the  Geological 
Department  of  the  British  Museum  (Nat.  Hist.),  where  any  student 
can  see  them  on  application  ;  they  are  registered  E  6484  and 
E  6485,  respectively. 


VII. — On  the  Combib  Earthquake  op  July  12,  1895,  and  on  the 
Uadb  of  the  Southern  Border  Fault  of  the  Highlands. 

By  Charles  Davison,  M.A.,  F.G.S. ; 
Mathematical  Master  at  King  Edward's  Uigh  School,  fiirmingham. 

IN  Mallet's  great  "Catalogue  of  Kecorded  Earthquakes,"  the 
name  of  Coiurie  first  appears  under  the  date  September  2, 
1789,  and,  from  that  time  until  the  present  day,  the  village  has 
been  widely  known  as  a  centre  of  earthquake  shocks  and  sounds. 
For  many  years  past,  however,  they  have  become  more  and  more 
rare :  the  shocks,  when  they  have  occurred,  have  been  exceedingly 
slight,  and  the  disturbed  areas  correspondingly  small.  Several 
persons  living  but  a  few  miles  from  Comrie  inform  me  that  they 
have  never  felt  a  shock;  and  those  who  reside  in  the  village  itself 
often  speak  of  "  hearing"  the  earthquakes,  as  if  the  vibrations  did 
not  generally  exoeed  that  limiting  degree  when  they  are  perceptible 
only  to  the  ear. 
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On  the  12th  of  last  Jaly,  at  about  7.40  a.m.  (G.M.T.)*  a  slight 
but  undoubted  shock  was  felt  at  Comrie  and  for  a  few  miles  around. 
Houses  are  unfortunately  somewhat  widely  scattered  in  the  district, 
and  it  has  been  difficult  to  collect  as  many  records  as  could  be 
desired.  I  have  succeeded  in  obtaining  only  21  observations  from 
19  different  places,  and  even  this  number  would  have  been  smaller 
had  it  not  been  for  the  kindly  assistance  of  Mr.  T.  Boston,  of 
Balmuick,  who  supplied  me  with  the  names  of  several  observers, 
and  also  with  three  or  four  records  of  considerable  value.  In 
addition  to  the  above  places,  I  have  received  information  from  17 
others,  where,  so  far  as  is  known,  no  trace  of  the  earthquake  was 
perceived.  These  are  of  some  assistance  in  drawing  the  boundary 
of  the  disturbed  area,  though  less  than  is  usually  the  case,  either 
on  account  of  their  outlying  position  or  of  the  small  number  of 
inhabitants  they  contain.^ 

On  the  accompanying  map  (Fig.  1),  a  small  disc  with  a  cross 
through  it  indicates  that  the  shock  was  felt  and  the  sound  heard, 
a  small  circle  with  a  cross  that  the  sound  was  heard  but  the  shock 
not  felt,  a  cross  that  the  sound  alone  was  observed,  and  a  circle  that 
no  trace  of  the  earthquake  was  perceived. 

The  continuous  line  represents  the  isoseismal  line  corresponding 
to  intensity  III  of  the  Kossi-Forel  scale.  The  area  enclosed  by  it 
is  5^  miles  long,  4}  miles  broad,  and  contains  18^  square  miles. 
Its  centre  lies  ^mile  south-west  of  Comrie,  or  half-way  between 
Boss  and  Dalginross. 

Outside  this  line  the  shock  was  certainly  felt  at  two  other  places, 
at  Easter  Ballindalloch  very  slightly,  and  rather  more  strongly  at 
Westerton.  At  several  other  places  outside  the  isoseismal  III  the 
sound  only  was  observed.  This  was  the  case  at  Braefordie,  Carro- 
glen,  Olenturret  Lodge,  Wester  Dundern,  and  Easter  Dundern,  but 
at  the  last-named  place,  it  should  be  mentioned,  the  observer  was  at 
work  in  the  open  air,  and  therefore  in  a  most  unfavourable  position 
for  detecting  a  weak  tremor.  Similar  observations  to  the  south  of 
the  disturbed  area  are  not  forthcoming,  but  it  is  clear  that,  to  the 
north  and  west  at  any  rate,  the  sound-area  overlapped  the  disturbed 
area. 

*  Authorities. — Aberuchill,  Mr.  M.  M^Intoeh  ;  Ardvorlich,  Col.  J.  Stewart ; 
Auchnafree,  Mr.  A.  Richards ;  Balmuick,  Mr.  T.  Boston ;  Bisho^fauld,  Mr.  T.  K. 
Robertson;  Braefordie,  Mr.  J.  Stewart;  Carroglen,  Mr.  T.  Boston;  Clathick, 
Capt.  W.  C.  Colquhoun;  Comrie,  Mr.  S.  Campbell,  Rev.  W.  Hall,  Rev.  A.  C. 
Watt;  Cultj-Craggan,  Mrs.  Finlayson;  Crietf,  Mr.  G.  Straithaim;  Dalchniin, 
Mr.  W.  Cairns ;  'Dalchonzie,  Miss  Newbip^ging ;  Easter  Hallindalloch,  Mr.  J. 
Campbell ;  Easter  Dalginross,  Mr.  D.  "NV.  Kemp ;  Easter  Dundern,  Mr.  P. 
McLaren;  Fairness,  Mr.  W.  Bell;  Foulis,  Rev.  T.  Hardy;  Garrichrew,  Mr.  J. 
McLaren ;  Gilmerton,  Rev.  G.  Henderson ;  Glenample,  Mr.  T.  Walters ; 
Glenturret  Lodge,  Mr.  T.  Boston;  Innergeldie,  Mr.  J.  Craig;  La^^n,  Mr.  D. 
Ewing ;  Lawers,  Col.  D.  R.  Williamson ;  Little  Port,  Mr.  J.  Morrison ; 
Locherlour,  Mr.  S.  Campbell ;  Madderty,  Rev.  L.  C.  M.  Wedderbum  ;  Ross, 
Mr.  R.  M'Laren;  St.  Fillans,  Rev.  T.  Armstrong:  Tyghnablair,  Mr.  P. 
M*Intyre;  Tomanor,  Mr.  A.  McNaughton;  Wester  Ballindalloch,  Mr.  T.  Boston; 
Wester  Dundern,  Mr.  P.  M^Ara  ;  Westerton,  .Mr.  D.  Keith  Murray. — I  beg  to 
offer  my  hearty  thanks  to  the  above  ladies  and  gentlemen,  and  also  to  Mr.  J. 
Robertson,  of  Coupar  Angus,  who  kindly  sent  me  early  notice  of  the  oocuneno 
of  the  earthquake. 
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The  shock  was  an  enoeedingly  eligLt  one.  Its  I'ntenBify  was 
gTNiteat  at  and  near  Conirie,  but  even  here  it  was  lees  thaa  lY, 
Ihat  is  to  Bay,  it  was  not  strong  enough  to  make  doors,  windows, 
elc.  general  (y  rattle,  thongl]  in  isolated  coseB  (his  may  havB 
bappened.  At  Conirie  it  ooneiated  of  a  slight  uninterrupted  tremor, 
iatdng  two  or  tliree  seconds,  accompanied  by  a  rumbling  sound  like 
the  passing  of  a  heavy  carriage  or  the  diaoharge  of  stones  from  a  cart. 

The  beginning  of  the  Bouad  preceded  ihiit  of  the  «hock  at 
Dikhonzie,   Easier  Ballindalloch  and  Tomanor;   coincided  with  it 
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Flo.  1.— DiaRrniD-miip  nf  Ihi;  Comrip  Earthquake, 
at  Comrie   and  possibly  also  at  Bishopsfauld ;  and  followed  it  at 
Boss.     The  end  of  the  sound  preceded  that  of  the  shock  at  Easter 
BillindaUocli,  aod  followed  it  at  Bishopslauld  and  Robs. 

The  broken  line  on  the  raap  iudicatps  the  course  of  Ihe  great 
unthem  border  fault  of  the  Highlands.  It  has  always  been 
CBstomary  to  asaooiate  the  Comrie  earthquakes  with  movementa 
taking  place  along  this  fault.  The  evidence,  so  far,  has  perhaps 
liardly  been  sufficient  to  amount  to  a  proof  of  the  supposed  connexion, 
but  in  the  present  case  the  position  of  the  disturbed  area  and  the 
direction  of  its  longer  axis  seera  to  me  a  strong  argument  in  its 
favour.  In  the  case  of  bo  slight  a  shock,  the  phenomena  ate  of  the 
simplest  possible  character,  but,  so  far  as  I  know,  there  is  nothing 
iucoDsisIeot  with  the  view  tliat  the  earthquake  was  caused  by 
a  slight  filip  of  one  of  the  syslein  of  faults  taking  place  in  the 
immediate  aeigbbourhood  of  Comrie. 
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My  object  in  drawing  special  attention  to  this  shock  is  not  on 
account  of  any  peculiar  interest  which  it  in  itself  possesses,  so  much 
as  from  the  evidence  it  supplies  as  to  the  direction  in  which  the 
great  fault  hades.  ''There  is,'*  as  Sir  Archibald  Geikie  has  kindly 
informed  me,  "no  sufficient  section  of  the  Highland  Border  fault 
to  show  its  hade.  Normally,  of  course,  it  should  be  to  S.E.,  and 
perhaps  it  is  so  on  the  whole.  But  there  are  traces  of  great  and 
irregular  disturbance  along  the  line,  so  that  the  hade  may  here 
and  there  be  to  N.W."  The  seismic  evidence  in  the  present  case 
of  course  applies  only  to  the  Comrie  district,  but,  if  I  am  right  in 
associating  the  recent  earthquake  with  a  slip  of  the  fault,  there  can 
be  little  doubt  I  think  that  the  fault  near  there  hades  to  the  north- 
west, and  that  it  is  therefore  in  this  part  a  reversed  fault. 

As  this  conclusion  is  of  some  importance  from  a  geological  point 
of  view,  it  may  not  be  out  of  place  to  refer  briefly  to  the  evidence 
in  its  favour.^ 


Fio.  2. 


If  the  seismic  focus,  F  (Fig.  2),  were  a  point,  the  intensity  of  the 
shock  on  the  earth's  surface  AD  would  be  greatest  at  the  point  £ 
vertically  above  it ;  that  is  to  say,  the  epicentre  would  lie  on  that 
side  of  the  fault-line  towards  which  the  fault  AB  hades. 

But,  in  the  case  of  earthquakes  produced  by  fault-slipping,  the 
seismic  focus  is  a  surface  one,  and,  it  may  be,  of  considerable  extent 
both  along  the  strike  and  the  dip  of  the  fault-surface.  Supposing 
for  a  moment  that  the  intensity  of  the  shock  undergoes  no  dimi- 
nution as  the  distance  from  the  focus  increases,  it  is  evident  that  the 
intensity  at  any  point  on  the  earth's  surface  will  be  greater  the 
shorter  the  duration  of  the  shock.  Now,  the  duration  will  be  least 
at  the  point  D,  where  the  line  perpendicular  to  the  fault-surface 
through  the  centre  F  of  the  focus  meets  the  earth's  surface.'     But 

1  In  a  future  paper  I  hope  to  enter  more  fully  into  this  question,  as  well  as  to 
summarize  the  evidence  in  favour  of  the  fault-slip  theory  of  earthquakes. 

*  The  argument  may  also  be  stated  as  follows:  The  point  D  is  that  which  is 
affected  simultaneously  oy  the  disturbances  proceeding  from  a  larger  part  of  the  focos 
than  any  other  point  on  the  earth's  surface. 
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u  the  inteoBity  does  diminish  as  the  distance  increaMa,  the  max!' 
mnm  intenBity  will  (xtour  at  a  point  0  somewhat  nearer  the  fault- 
liu.  Thus  the  centre  uf  the  diBturbed  area  should  lie  on  the  side 
of  the  fnult-line  towards  which  the  fault  hadea,  and  the  greater 
part  of  the  disturbed  area  should  also  lie  on  the  same  side  of  the 
bnlt-lioe. 

Referring  to  the  map  (Fig.  1)  it  wilt  be  seen  that  hj  far  the 
greater  part  of  the  area  disturbed  by  the  eartliquake  on  July  12 
lies  on  the  north-west  side  of  the  fault-line,  leading  to  the  inferenoe 
that  the  hade  is  also  in  this  direction.  It  is  perhaps  unneoeagary 
to  accainiilate  evidence  on  this  point,  hut  it  may  he  mentioned  tliat 
it  is  at  Coinrie  itself,  also  on  [he  same  side  of  the  fault-ltne,  that  the 
majority  of  slight  shocks  and  sounds  have  been  in  times  past 
obaervei]. 


YIIL — Phyllade,   Phtllitb,   and   Ottbblite. 
By  Prof.  Gbentills  A.  J.  Culi,  M.R.I.A.,  F.Q.S. 

IN  his  article  in  the  last  number  of  the  Geolooioal  Maqazinb' 
Ur.  A.  K.  Hunt  points  out  a  number  of  differences  in  the 
lue  of  the  terms  "schist,  slate,  phyllite,  and  foliation."  The 
ngsge  of  English-speaking  peoples  has  long  ago  restricted  the  word 
"schist,"  BO  that  it  is  no  more  an  equivalent  of  the  French  "schisto" 
And  of  the  German  "schiefer"  than  "  mutton "  is  of  "  moiiton."  Prof. 
Bonnoy's  position  is,  however,  one  of  exceptional  restriction,  as  he 
himself  hna  alwnys  carefully  pointed  out.  The  terms  "phyllade" 
snd  "phyllile"  are  surrounded  hy  less  controversy.  I  regard  both 
as  Dnnecessary,  seeing  (hat  we  cannot  have  names  for  every  gra- 
dation from  a  olay-slate  to  a  mioa-schist;  hut  it  is  fairly  clear  that 
the  original  "phyllades"  were  Blatea  containing  some  mica.  The 
term  was  used  in  1813  by  Brongniart  (■' Easai  d'une  oliissifioalion 
des  Roches  melangeea,"  p.  35),  who  ascribes  it  to  the  joint  author- 
ship of  himself,  Brochant,  and  D'Aubuisson.  He  gives  as  a 
synonym,  "  Thonechiefer  melnnge  des  miners logistes  allemandH," 
and  defines  the  rook  as  havhig  a  ground  of  clay,  with  mica,  quartz, 
felspar,  aniphibole,  chiastolite,  etc.,  in  it,  either  together  or 
•eparately;  "structure  feuillet^e."  None  of  the  types  which  he 
describes  are  free  from  mica.  D'Aubuisson  de  Voisins  ("Traite 
fle  Geognosie,"  tume  ii,  p.  9a)  in  1819  devoted  one  of  his  elaborate 
diBquigilions  to  Phyllade,  giving  as  synonymB  "Tlionschiefer ;  Clay- 
ilate;  Ar<loi9e,  schiste  do  Saussure  et  des  anciens  min^ralogisles; 
Setiiste  argileiix  de  M.  Brochant."  D'Aubuisson  objects  to  the 
iBBtricltnn  of  "scliiBte"  to  any  one  sfieciee  of  rock,  and  keeps 
phyllade  distinct  from  those  clays  which  are  derived  as  detritus 
fmin  pre-existin};  rocks.  He  says  that  the  surface  of  phyllade  is 
KiQotimeB  smooth,  sometimes  deeply  striated,  as  if  puckered  up 
("fronoee");  anf^  he  shows  how  the  true  type  of  the  rock  is 
ipprnsched  by  fi^adalinns  from  mica- schist,  until  the  mica  and 
quartz  are  so  finely  divided  as  be  indistinguishable,  save  for  some 
'  Geol.  iliO.,  1S9G,  p.  31. 
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flakes  of  mioa  and  granules  of  quartz  embedded  in  the  apparently 
homogeneous  ground.  The  justification  for  using  ''  phyllade"  as 
a  term  intermediate  between  mica-schist  and  common  slate  is  to  be 
found  in  the  passage  (p.  97)  *'Le  phyllade  passant  du  schiste- 
inicao6  4  Tardoise,  par  des  nuances  iusensibies  et  diversifiees  sous 
tons  les  rapports,  le  nombre  de  ses  vari^tes  est  presque  indefini." 
D*Aubuis6on  believed  the  fissile  structure  to  be  parallel  to  the 
stratification,  and  combated  the  acute  views  of  Voigt,  who  had  ob- 
served a  strong  divergence  between  the  two  structures  in  Thuringia. 

Brongniart,  in  1827  ("  Class,  et  caract  min.  des  Roches  homogenes 
et  heterog^nes,"  p.  88),  refers  "phyllade"  to  D*Aubuisson  only, 
and  states  that  this  rock  is  ''compose  essentiellement  de  Schiste 

argileux  comme  base,  et  de   Mica c*est   le   veritable  schisie 

micacL"  "  Schiste  argileux "  (p.  61)  is  with  him  a  common 
clay-slate,  and  he  swallows  up  *'  mica-schist  *'  now  altogether  in 
"phyllade."  This  introduces  sufficient  confusion,  when  we  re- 
member that  D'Aubuisson,  on  the  other  hand,  allied  ''phyllade" 
more  to  the  clay-slates  than  to  the  mica-schists.  Coquand,  in  1857 
("Traite  des  Roches,"  p.  807),  grouped  together  as  •*  argiloschiste  " 
all  the  clayey  "  schistes  "  of  metaraorphic  origin  in  which  the  con- 
stituents were  very  finely  grained,  and  gives  the  term  **  phyllade  " 
as  a  synonym.  Our  latest  glossary  (L.  Lessing,  ''  Petrographisches 
Lexicon,"  1894,  p.  177)  gives  "Phyllit"  as  a  translation  of 
*'  Phyllade,"  due  to  Naumann,  and  defines  both  rocks  as  micaceous 
"  Thonschiefer."  It  is  clear,  then,  that  these  two  terms,  if  required 
at  all,  should  be  used  in  the  sense  in  which  they  are  already 
generally  accepted.  I  have  shown  that  D'Aubuisson  himself,  with 
a  foresight  that  is  not  accidental,  distinguishes  between  ''  phyllades" 
and  detrital  rocks  ;  for  him,  phy Hades  were  allied  to  granite  and  not 
to  clays.  The  minerals  in  them  had  arisen  in  sitH,  a  view  which  the 
study  of  metamorphism  has  since  led  us  to  support  Mr.  Hunt's 
comments  on  this  point  seem  perfectly  correct 

We  need  not  discuss  the  mineral  styled  '*  phyllite  "  by  Thomson 
in  1828  (Annals  of  the  Lyceum  of  Nat  Hist,  New  York,  vol.  iii, 
p.  47),  but  for  its  bearing  on  chloritoid  and  ottrelite.  Only  the 
strict  respect  for  priority  entertained  by  the  late  Prof.  J.  D.  Dana 
caused  the  name  to  be  retained  as  that  of  a  mineral  species. 
Mr.  Hunt  surely  does  not  find  it  in  "  popular  "  use,  and  it  is  given 
as  a  mere  synonym  of  ottrelite  in  the  revised  edition  of  Dana's 
**  System  of  Mineralogy,"  1892.  But  this  raises  another  point  that 
is  well  worth  settling — is  oxide  of  manganese  or  of  magnesium 
really  present  in  ottrelite  and  in  Thomson's  *'  phyllite  "  ?  **  Manga- 
nese "  is  not  so  obvious  a  clerical  error  in  the  description  of 
''phyllite"  as  Mr.  Hunt  suggests,  since  the  relation  of  the  mineral 
to  typical  ottrelite  depends  on  the  presence  of  this  constituent 
Manganese,  not  magnesia,  is  ascribed  to  "  phyllite "  in  the  famous 
fifth  edition  of  Dana's  "System,"  and  in  the  new  edition  of  1892. 
Hintze  ("  Handbuch  der  Mineralogie ")  gives  the  same  figures  for 
magnesia,  Mr.  F.  W.  Rudler  has  kindly  looked  up  Thomson's 
original  paper  for  me,   and  informs  me  that  Hintze   is   correct 
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J.  D.  Dana,  but  for  ibis  slip,  would  probably  have  classed ''  pbyllite  " 
is  a  oommon  chloritoid,  instead  of  with  the  manganiferous  ottrelite. 
Lacroix,  in  1886,  urged  the  practical  identity  of  ottrelite  and 
chloritoidy  and  these  names  appear  as  synonyms  in  Levy  and 
Lacroixy  "  Mineraax  des  Roches/'  p.  171.  Descloizeaux  and  Damour, 
howeyer  (Ann.  des  Mines,  1842,  tome  ii,  p.  359)  found  over  8  per 
cent,  of  manganous  oxide  in  the  ottrelite  of  Ottrez,  and  recorded  no 
magnesia.  Hintze,  in  his  '^  Mineralogie,"  quotes  no  analyses  of 
cbloritoid  with  more  than  1*30  per  cent,  of  MnO,  few  containing  this 
oxide  at  all.  Hence  1  fancy  that  the  name  ottrelite  will  be  worth 
kt^ping  for  ohloritoids  with  more  than  5  per  cent,  of  manganous 
oxide  and  little  or  uo  magnesia.  This  would  exclude  some  substances 
that  have  recently  been  styled  ottrelite,  and  would  necessitate 
a  modification  in  the  treatment  of  that  mineral  in  my  ''Aids  in 
Practical  Geology  "  (second  edition,  p.  157),  where  1  have  regarded 
it  as  synonymous  with  cbloritoid  proper  and  have  made  no  mention 
of  the  distinctive  manganese. 
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WBITTISN    KSPEOIALLY    FOR    PROSPECTORS.       By  UaRRY  P.  WoOD- 

WARD,  J. P.,  F.G.S.,  F.K.G.S.,  F.I. hist.,  Government  Geologist.^ 
Second  edition.     Perth,  Western  Australia,  1895. 

THE  value  of  mining  handl)ooks  to  the  pioneers  engaged  in 
opening  up  the  mineral  resources  of  a  new  country  has  long 
been  recognized.  Much  depends  on  the  industry  and  t^kill  of  these 
men,  and  all  possible  help  should  be  given  to  them,  as  they  do  work 
which  would  be  none  too  easy  to  a  trained  geologist,  armed  with  all 
the  resources  afforded  b}'  a  chemical  laboratory  and  a  teohiiioal  library. 
Whether  it  is  to  be  deplored  or  not,  it  is  certainly  true  that  pioneers 
have  usually  more  courage  and  energy  than  scientific  attainments, 
and  a  really  satisfactory  handbook  is  therefore  of  paramount  im- 
portance to  them.  It  must  be  comprehensive,  concise,  and  easily 
intelligible  to  ordinary  readers  ;  no  technical  or  scientific  knowledge 
on  the  part  of  its  readers  must  be  taken  for  granted,  and,  on  the 
other  hand,  useless  information  must  be  rigidly  excluded.  The 
Volume  under  review  is  an  excellent  example  of  the  best  type  of 
such  books.  It  is  brief,  yet  clear;  full  of  details,  yet  interesting; 
accurate,  but  not  defaced  by  a  multitude  of  technical  terms. 

It  begins  with  a  slight  sketch  of  the  colony,  giving  some  account 
of  the  towns,  population,  climate,  water  supply,  timber,  etc.  The 
intending  immigrant  would  perhaps  like  to  hear  more  about  the 
climate,  especially  as  to  the  daily  and  monthly  range  of  temperature 
ill  different  districts,  and  would  possibly  be  curious  respecting  insect 
life,  which  is  not  touched  on;  but  generally  the  information  is 
wonderfully  full  and  varied.  The  difficulty  as  to  water  supply  in 
the  interior  is  insisted  on,  and  Mr.  Woodward  points  out  that  the 
numerous  lakes  shown  on  the  maps  must  not  be  relied  on  to  furnish 
1   Sc'e  also  p.  96  of  the  present  Number  Geol.  Mao. 
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any  useful  supplies.  These  lakes  are  usually  dry  salt  wastes,  wliicli 
are  occasionally  covered  by  a  few  inches  of  water  after  heavy  rains, 
although  even  then  the  water  is  salt  At  Coolgardie  the  water  in  the 
wells  is  almost  a  saturated  solution,  containing  40  ounces  of  salt  to 
the  gallon,  as  compared  with  5^  ounces  in  a  gallon  of  sea  water. 
Mr.  Woodward  considers  that  the  best  means  of  obtaining  frei»)i 
water  in  the  district  will  be  by  constructing  large  dams  to  save  the 
rain  water  thrown  off  the  granite  hills. 

The  geology  and  mineralogy  of  the  country  are  next  dealt  with, 
each  section  being  preceded  by  a  short  general  account  of  the  science 
in  question.  These  accounts  are  in  the  main  excellent,  but  it  may 
well  be  doubted  if  the  two  pages  devoted  to  chemistry  will  serve 
any  useful  purpose.  More  than  half  of  them  consist  of  a  complete 
list  of  the  elements,  including  the  rarest,  and  even  some  whose 
existence  is  doubtful,  together  with  the  atomic  weights,  correct  to 
the  second  or  third  decimal  place.  While  useful  to  the  chemist,  it  is 
probable  that  the  exact  meaning  of  this  table  would  escape  the 
"  practical  man."  Until  recently  the  geological  formations  were 
supposed  to  consist  of  either  granite  or  sand,  but  Mr.  Woodward  has 
shown  that  this  is  not  the  case,  although  the  absence  of  natural 
sections  makes  a  complete  study  somewhat  difficult  '*  Speaking 
roughly,"  he  says,  "  as  a  whole,  the  country  may  be  described  as  one 
large  table-land,  rising  to  an  elevation  of  from  1000  ft  to  2000  ft 
above  the  sea,  and  covered  for  the  most  part  with  sandy  deposits, 
which  have  resulted  from  the  denudation  of  the  Desert  Sandstone 
Series,"  of  Mesozoic  age.  "  Underlying  this  Desert  Sandstone 
formation  there  is  a  series  of  belts  of  metamorphic  and  granitic  rocks, 
the  former  of  which  are  intersected  by  numerous  diorite  dykes  and 
quartz  veins,  which  are  proving  to  be  very  rich  in  gold."  The 
auriferous  metamorphic  rocks  are  partly  Silurian,  partly  Cambrian, 
but  mainly  Archsdan.  There  are  six  of  these  belts  in  all,  consisting 
of  highly-contorted  rocks  striking  north  and  south  and  having 
a  nearly  vertical  dip.  The  fourth  and  sixth  belts,  counting  from 
west  to  east,  consist  of  schists  intersected  by  the  gold-bearing  veins, 
whilst  the  third  and  fifth  consist  of  barren  granite,  which  long  acted 
as  a  barrier,  discouraging  prospectors  from  pursuing  their  researches 
farther  into  the  interior.  The  disposition  of  these  belts  is  clearly 
shown  on  the  capital  geological  sketch  map  included  in  the  volume. 

In  the  succeeding  pages  there  is  a  very  useful  description  of  the 
minerals  occurring  in  the  gold-fields,  together  with  directions  for 
identifying  them.  It  may  be  gathered  from  the  section  on  metallic 
gold  that  Mr.  Woodward  holds  the  view  that  alluvial  gold  consists 
of  particles  derived  from  the  denudation  of  auriferous  lodes,  a  view 
which,  whether  it  be  correct  or  not,  is  not  an  advantageous  one  for 
the  prospector  to  hold,  since  it  often  leads  to  vain  searches  after 
lodes  where  none  can  exist.  Moreover,  it  would  perhaps  be  better 
if,  instead  of  the  comparatively  inefficient  iodine  test  of  the  presence 
of  traces  of  gold  in  rock,  the  easier  and  more  certain  tests  by 
chlorine,  bromine  or  cyanide  of  mercury  were  described.  But  these 
slight  blembhes,  if  indeed  they  are  blemishes,  detract  but  little  from 
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the  Talae  of  the  mineralogioal  compendium,  one  of  the  most  im- 
portant parts  of  the  book  to  the  prospector. 

The  ^^reater  part  of  the  remainder  of  the  volume  is  devoted  to 
a  detailed  aooount  of  the  various  gold-fields,  and  of  the  copper,  lead, 
tin,  and  ooal  deposits,  this  account  being  certainly  by  far  the  best 
which   has   yet  appeared.      The   description  of  the  coal-fields,  on 
the  value  of  which  the  development  of   the  colony  in  no  small 
measure  depends,  is  mainly  taken  from  Mr.  Woodward's  last  annual 
report,  lately  noticed  in  these  pages.     Three  appendices  follow,  con- 
taining  those   laws  and   regulations   which   are  of  importance  to 
prospectors,  some  advice  as  to  their  outfit  and  mode  of  operation, 
many  useful  tables,  a  glossary  of  scientific  and  mining  terms,  and 
fall  information  on  shipping  and  railway  matters.    As  already  stated, 
the  whole  book  is  highly  creditable  to  Mr.  Woodward  and  to  the 
Grovemment  Department  represented  by  him.    Not  a  page  is  wasted, 
and  hardly  a  page  could  be  added  to  it  with  advantage.     It  need 
hardly  be  added  that  it  will  be  indispensable  to  every  visitor  to  the 
colony,  to  say  nothing  of  the  prospectors.  T.  E.  R. 

n. — ^Thk  Fauna  of  the  Bohemian  Gas-coai..  "  Fauna  dkr 
Gaskohle  und  dkr  Kalkstbine  der  Pkrmformation  Bohmkns." 
By  Dr.  Anton  Fritsch.  Vol.  Ill,  part  4.  Pp.  105-132,  pis. 
123-132,  with  Title-page  and  Index  to  Vol.  III.  (Prague  :  Fr. 
Hivnac.  1895.) 

WITH  the  exception  of  a  brief  supplement.  Dr.  Anton  Fritsch 
has  now  completed  his  description  of  the  fossil  vertebrata 
of  the  Permian  formation  of  Bohemia.  The  latest  instalment, 
received  in  the  middle  of  December,  concludes  the  third  volume 
of  his  great  work  and  deals  with  the  Palseoniscid  fishes  which 
remained  to  be  treated  after  the  issue  of  the  preceding  part  a  year 
ago.  The  systematic  descriptions  are  continued  in  the  usual  manner, 
and  there  is  appended  a  useful  summary  of  the  chief  points  in  the 
stmctore  of  the  PalaeoniscidsB  as  the  author  has  observed  them. 

Most  of  these  fishes  discovered  in  the  Bohemian  Perunan  belong 
to  the  genus  AmhlypiernSj  as  now  generally  defined,  and  Dr.  Fritsch 
recogni2^8  seven  species,  one  of  these  with  no  less  than  six  named 
varieties.  Amhhjpterus  Feiatmanteli  and  A.  Zeidleri  are  described 
as  new  species  in  the  part  of  the  work  before  us.  There  are 
beautiful  figures  of  the  ornamented  head -bones  of  the  variety 
A.  Rohant  (Heckel) ;  while  restored  figures  of  this  form,  of  A.  luridus 
(Heckel),  A,  ohliquus  (Heckel),  and  A,  Reussi  (Heckel)  are  also 
given.  The  latter  are  in  some  respects  tentative  and  incomplete, 
and  we  would  question  the  accuracy  of  the  drawing  of  the  anterior 
dorsal  fin-rays  in  A.  ZtirtJus,  as  also  the  diminutive  proportions  of 
the  circumorbital  ring  in  the  same  fish.  Most  welcome  additions 
to  our  knowledge  of  details  in  the  osteology  of  the  genus  appear 
throughout  the  descriptions  and  figures ;  and  the  discovery  of 
tritoral  teeth  on  one  of  the  inner  mouth-bones  in  A.  Feiatmanteli  is 
particularly  interesting. 

Two  small  and  one  large  species  are  doubtfully  referred  by  Dr. 
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I  Fri.tsch  to  Acrolepis  (A.  Krejcii,  A.  spharosideritarumt  and  A.  gu 

I  Fritsch).     The  latter  in  a  fine  fish  considerably  more  than  a  rm 

\  in  length,  and  the  largest  known  PalsBoniscid ;  Dr.  Fritsoh  e 

•  suggests  that  it  is  the  largest  known  Palssozoic  fish,  but  it  n 
>  have  been  much  surpassed  in  dimensions  both  by  Bhizodus  and 
I  Megalichthy^  intermedius.      A  plaster  cast  of  this  unique  specii 

is  exhibited  in  the  British  Museum  (Natural  History). 

Some    fragmentary    specimens    bearing    much    resemblance 
I  Ehnichthys  and  Rhndinichfhys,  too  imperfect  (in  our  opinion) 

generic  determination,  are  regarded  as  indicating  a  hitherto  unknc 
I  genus  Pyrogyrolepin^  with  the  single  species  P.  speciosus.     Thi 

•  defined  thus: — "Similar  to  the  genus  Gyrolepis,  but  dentition  y 
I  large  pointed  teeth,  between  which  are  small  teeth  in  irregi 
]  rows ;  the  large  teeth  smooth  at  the  apex,  beautifully  striated  at 
i                       base,  with  large  pulp-cavity;  anterior  rays  of  pectoral  and  do 

fins  not  articulated." 

The  name  Hemichthys  prohlematica  is  proposed  for  a  small  si 
I  of  doubtful  relationships,  which  may  even  belong  to  a  Laby 

!  thodont.     A  detailed  description  is  promised  in  the  supplement 

the  next  volume. 

In  his  concluding  observations  on  the  PalsBoniscidee,  Dr.  Fril 
particularly  emphasizes  the  difficulty  of  regarding  the  degree 
arching  of  the  back  as  a  specific  character.  He  instances 
variations  in  this  feature  in  the  common  carp,  which  depend  m 
upon  the  locality  and  surroundings.  He  also  adds  a  warning  a 
the  displacement  of  the  fins  by  different  kinds  of  crushing.  In 
bead  he  finds  that  the  cranial  bones  are  thickest  when  I 
ornamented ;  thinnest  and  most  irregular  when  the  ganoine  is  I 
developed.  Large  otolites  appear  in  at  least  one  species 
Amhiypterus,  "With  regard  to  calcified  vertebrae,  he  now  consit 
that  his  former  determination  of  such  elements  in  the  suppc 
Phnnerosteon  and  Sceletophorus  is  very  doubtful. 

The  new  part  of  the  **  Fauna  der  Gaskohle  **  thus  equah 
interest  its  predecessors,  and  bears  witness  to  the  same  labor 
and  patient  research  and  attention  to  minute  detail,  w) 
characterize  the  whole  of  the  work.  A.  S.  M 


III. — Memoirs  of  the  American  Museum  of  Natural  Hist< 
Vol.  I,  part  2.     August,  1895,  pp.  74,  plates  iv  to  xiii. 

IN  this  finely  illustrated  Monograph  Prof.  R.  P.  Whitfield,  Cur 
of  palaeontology  in  the  American  Museum  of  Natural  His) 
in  New  York  City,  gives  a  second  instalment  of  the  republica 
of  descriptions  of  fossils  from  the  Hall  collection,  from  the  Ke 
of  progress  for  1861  of  the  Geological  Survey  of  Wisconsin, 
James  Hall.  The  type  specimens,  now  figured  for  the  first  ti 
are  chiefly  derived  from  the  Trenton  group  in  Wisconsin.  T 
comprise  algae,  some  of  which  were  previously  confounded  i 
Graptolites,  such  as  the  noteworthy  Bnthograptus  laxus, 
articulated  marine  form "  much  resembling  the  living  CauJi 
j^maris  of  the  Florida  coasts;   a  crinoid,  a  crustacean  {Ilia 
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iawnu\  liaroellibraiiGbiata,  Oasteropoda,  and  Cephalopoda.  Thu 
memoir  is  published,  Mr.  Whitfield  states,  with  a  view  of  avoiding 
a  redescription  under  other  names  than  the  original  ones,  as  it  is 
deemed  advisable  to  illustrate  these  types  from  the  specimens 
originally  used,  a  course  which  has  been  now  followed  with  three 
exceptions.  In  Part  I  of  Vol.  I  Mr.  Whitfield,  it  will  be 
remembered,  gave  descriptions  and  figures  from  the  types  of  Lower 
Carboniferous  Crinoids  in  the  **  Hall "  collection,  of  which  he  is 
Curator.  A.  C. 


Zoological  Society  of  London. 

December  17tb,  1895.— Sir  W.  H.  Flower,  K.C.B.,  LL.D.,  r.R.S., 
President,  in  the  Chair. 

Mr.  F.  A.  Bather  read  a  paper  on  a  remarkable  and  very 
beautiful  form  of  fossil  crinoid,  without  a  stalk,  named  Uintacrinus. 
The  paper  attempted  a  complete  morphological  description  of 
VintacrinuB  sodaUs,  based  on  specimens  from  the  Upper  Cretaceous 
Beds  of  Western  Kansas,  now  in  the  British  Museum.  The 
deficiencies  of  previous  accounts  were  made  good,  and  their  errors 
corrected;  this  was  specially  the  case  with  regard  to  the  iiiter- 
brachials,  interpinnulars,  brachials,  pinnules,  and  joints.  Tlie 
comparison  with  other  crinoids,  thus  rendered  possible,  showed 
that  UiniacrinuB  could  not  be  related  either  to  the  Caraerata  or 
to  the  IchthyocrinidaB.  It  must  therefore  be  related  either  to  the 
Palaeozoic  Inadunata,  or  to  their  Mesozoic  descendants,  the 
Canalicnlata.  Among  these  a  process  of  comparison  and  elimination 
left  behind  only  the  ascending  evolutionary  line  that  contained 
Enerintis,  Dndocrinus,  Fentacrinus,  and  Apiocrinus,  A  simple 
inspection  enabled  one  to  fix  on  Dadocrinus  as  the  one  among 
all  known  genera  that  was  most  nearly  related  to  the  ancestor 
of  Uintacrinm. 


Geological  Society  op  London. 

L — January  8,  1896. — Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  *'A  Delimitation  of  the  Cenomanian,  heing  a  Comparison  of  the 
Corresponding  Beds  in  Southern  England  and  Western  France."  By 
A.  J.  Jukes-Browne,  Esq.,  B.A.,   F.G.S.,  and  William  Hill,  Esq., 

F.6.S. 

Tlie  object  of  the  authors  is  to  compare  the  beds  which  form  the 
lower  part  of  the  Upper  Cretaceous  Series  in  those  parts  of  Southern 
England  and  Western  France  which  are  nearest  to  one  another. 
They  briefly  trace  the  history  of  English  and  French  geological 
research,  and  remark  that  even  at  the  present  time  French  geologists 
are  not  ai^reed  as  to  the  beds  to  be  included  in  their  **  etajje  Ceno- 


are  not  agreed 
maiiien." 
The  authors  feel  justified  in  taking  the  English  succession  as  a 
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BtAndard,  and  endeavour  to  show  that  the  French  suocessiou  is  in 
aocord  with  it,  believing  that  the  contusion  of  French  geologists  lias 
arisen  from  their  having  taken  a  set  of  arenaceous  shallow- water 
beds  as  the  standard  of  their  Cenomanian  stage,  in  a  district  where 
these  form  the  local  base  of  the  Cretaceous  System,  and  where  the 
typical  Albien  fauna  does  not  exist 

Commencing  with  the  English  sections,  they  describe  such  as  serve 
to  establish  the  succession  in  the  Isle  of  Wight,  Dorset,  and  Devon, 
pointing  out  that  the  Gault  and  Upper  Greensaud  are  everywhere 
so  inseparably  united  that  it  is  difficult  even  to  assign  limits  to  the 
component  zones ;  further,  that  the  Lower  Chalk  is  clearly  marked 
o£f  from  this  group,  and  that  no  classification  can  be  accepted  in 
England  which  does  not  recognize  the  clear  and  natural  line  of 
division  at  the  base  of  the  Chalk. 

In  Devonshire  the  representative  of  the  Lower  Chalk  is  found 
in  a  set  of  arenaceous  deposits  which  contain  a  remarkable  fauna, 
some  of  the  fossils  being  such  as  occur  in  the  Upper  Greensand, 
some  in  the  Chalk  Marl,  while  many  have  not  been  found  elsewhere 
in  England,  but  occur  in  the  Cenomanian  of  France  and  in  the 
Tourtia  of  Tournay.  This  Devonshire  **  Cenomian  "  includes  the 
beds  numbered  10,  11, 12,  and  13  by  Mr.  Meyer  in  his  Beer  Head 
section,  Quart.  Joum.  Geol.  Soc,  vol.  xxx  (1874),  p.  369. 

Passing  over  to  France,  the  fine  section  in  the  cliff's  between  Cap 
la  H^ve  and  St  Jouin  is  described  in  detail,  and  the  bed  which  is 
regarded  as  the  base  of  the  Cenomanian  by  M.  Leunier  and  Prof. 
A.  de  Lapparent  is  shown  to  be  the  representative  of  the  Chloritio 
Marl  of  the  Isle  of  Wight ;  the  Greeusand  and  the  Gault  below 
forming,  as  in  England,  a  separate  and  independent  group  of  beds. 

An  account  is  then  given  of  a  traverse  made  through  the  depart- 
ments of  Calvados  and  Orne  as  far  as  Montague ;  succeeded  by  a 
brief  account  of  the  lateral  changes  which  take  place  as  the 
Cenomanien  is  traced  through  the  Sarthe,  this  being  derived  from 
the  publications  of  MM.  Guiltier  and  Bizet- 

A  critical  study  of  the  fossils  found  in  Devonshire  and  Normandy 
follows,  with  tabulated  lists  comparing  the  Devonshire  fauna  with 
that  of  the  French  Cenomanian,  and  the  fossils  of  the  Norman 
Cenomanian  with  those  of  the  Warminster  Greensand  and  of  our 
Lower  Chalk.  In  this  part  of  the  work  the  Authors  have  received 
much  assistance  from  Mr.  C.  J^  A.  Meyer  and  Dr.  G.  J.  Hinde. 

Finally,  they  claim  to  have  defined  the  limits  of  the  Cenomanian 
stage  in  Western  France,  and  to  have  shown  that  this  group  of  beds 
is  simply  a  southern  extension  of  our  Lower  Chalk,  formed  in  a 
shallower  part  of  the  Cretaceous  Sea  and  nearer  to  a  coast-line. 

2.  **  The  Llandovery  and  Associated  Kocks  of  Conway."  By 
G.  L.  Elles  and  E.  M.  R.  Wood.  Newnhara  College.  (Communicated 
by  J.  E.  Marr,  Esq.,  M.A.,  F.R.S.,  SecG.S.) 

The  discovery  of  beds  with  Phacops  nppendtr.ulatus,  Salt,  near 
Deganwy,  and  of  shales  with  a  fauna  of  Upper  Birkhill  aj^e  close  to 
the  town  of  Conway,  indicates  that  the  break  between  Ordovician 
and  Silurian  is  smaller  in  this  area  than  has  hitherto  been  supposed. 
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In  the  paper  a  fall  description  of  the  representativeB  of  the 
Birkhill,  (xala  (Tarannon),  and  Wenlock  beds  is  given,  and  the 
distribotion  of  the  fossils  (chiefly  grai)toliteA)  in  the  various  sub- 
dtyisions  is  recorded.  Many  of  the  graptolites  are  forms  which 
have  been  desoribed  from  Swedish  deposits,  but  have  hitherto  been 
nnreoorded  in  this  oountry. 

3.  "  The  Gypsum  Deposits  of  Nottinghamshire  and  Derbyshire." 
By  A.  T.  Metcalfe,  Esq.,  F.G.S. 

The  $;ypMuin  depositci  of  these  counties  occur  in  the  Upper  Marls 
of  the  Keuper  division  of  the  Triassic  syntem.  Tbe  Author  describes 
tbeir  occurrence  in  thick  nodular  irregular  l)ed8,  large  spheroidal 
masses,  and  lenticular  intercalations,  and  their  association  with 
Batin-spar,  alabaster,  selenite,  and  anhydrite. 


II.— January  22nd,  1896.— Dr.  Henry  Woodward,  F.R.S.,  Presi- 
dent, in  tbe  Chair.     The  following  communications  were  read  :  — 

1.  '*  On  the  Speeton  Series  in  Yorkshire  and  Lincolnshire."  By 
G.  W.  Lamplugb,  Esq.,  F.G.S. 

Further  work  on  the  Speeton  section,  while  extending  our  know- 
ledge of  the  palaeontological  details,  has  fully  sustitined  the  results 
of  the  Autbor^s  previous  investigations.  The  rapid  attenuation  and 
final  disappearance  of  the  Speeton  Series  in  a  westerly  direction  in 
Yorkshire  is  discussed,  and  though  tho  available  evidence  is  held  to 
be  insufficient  to  demonstrate  the  exact  conditions,  it  is  shown  that, 
contrary  to  the  accepted  view,  the  lower  zones  are  probably  the  first 
to  die  out,  and  are  overstepped  or  overlapped  by  the  higher  divisions, 
since  at  Knapton,  fourteen  miles  inland,  only  the  upper  zones  of  the 
c<iasl-section  can  be  proved  to  occur,  as  shown  by  the  presence  of 
iiiarls  with  Bel,  minimus  passing  upward  into  the  Ked  Chalk,  and  by 
the  fossils  preserved  in  the  Old  Collection  which  include  HopHtes 
Ikbhiyeiiii  under  the  name  of  Amm.  KnaptonensiSf  Bean  MS.,  and 
a  few  ()thei*8. 

The  ferruginous  sands  locally  occurring  beneath  the  Red  Chalk  on 
the  western  edge  of  the  Yorkshire  Wolds  are  recognized  as  agreeing 
in  all  re8]>ect8  with  the  Lincolnshire  Carstone ;  and  Mr.  A.  Strahan*s 
cunclusions  as  to  the  relations  of  this  division  to  the  Red  Chalk  are 
confirmed  both  in  Yorkshire  and  in  Lincolnshire. 

In  Mid- Lincolnshire  all  the  palaeontological  zones  of  Speeton  are 
identified  and  traced,  the  presence  of  the  leading  zonal  types  of  the 
Cephalopoda  readily  establishing  the  general  correlation  proposed 
by  Professor  A.  Pavlow  and  the  Author,  in  spite  of  the  greatly 
nioiHiied  lithological  aspect  of  the  deposits,  and  the  corresponding 
modification  of  their  fauna.  The  chief  features  of  this  correlation, 
which  differs  in  nmny  respects  from  that  adopted  by  Professor  Judd 
and  the  Geological  Survey,  are  as  follows  : — (see  table  on  p.  88). 

Kimmeridge  Clay. 

In  Lincolnshire  in  at  least  one  instance  the  boundary  of  a  palreon- 
tological  zone,  which  is  the  true  synchronal  line,  is  shown  not  to 
pursue  the   Bame    Btratigraphical  horizon   throughout    its    coursei 
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proving  that  sediments  of  different  character  were  accumulated  at 
the  same  time  in  comparative  proximity  to  each  other.  I'he 
inherent  divergence  between  the  strat {graphical  and  palsaontological 
methods  in  geology  is  thus  once  more  illustrated. 

It  is  suggested  that  the  derivative  character  of  the  band  of 
phosphatic  nodules  at  the  base  of  the  Spilsby  Sandstone  is  not  well 
established,  and  that  the  fossils  of  the  *  so-called  '  pebbles  probably 
represent  an  original  fauna  poorly  preserved  in  nodules  formed 
during  a  temporary  pause  in  the  sedimentation. 

The  'Zone  of  Bel,  lateralis*  (Sirie  Speetono-russe  of  Pavlow)  is 
shown  to  bridge  the  space  between  undoubtedly  Jurassic  and 
undoubtedly  Lower  Cretaceous  strata ;  but  according  to  the  recent 
results  of  Professor  A.  Pavlow,  if  the  accepted  classification  of  other 
areas  is  to  be  upheld,  the  division  between  the  two  systems  must  be 
placed  high  enough  to  include  this  zone  in  the  Jurassic,  in  spite  of 
the  local  inconvenience  of  this  ari*angenient. 

SpBEToAr.  Lincolnshire. 


RED    CHALK. 

Zone  A.  Paasaif^e  Marls  =     Carstone  (?  in  part  or  wholly). 

B.  Zone  of  Bel.  Brunsvicensis  =     Tealby     Limestone     and     its     southerly 

equivalents   (also    ?  the  lower  part  of 
the  Carstone). 

C.  Zone  of  Bel.  jaeulum  =     Tealby    Clay    of    the    "Wold    escarpment 

(the      lower     portion     of     the      zone 
doubtfully    represented). 

D.  Zone  of  Bel.  lateralis  =     *  Tealby    Clav  *    of    the  outliers  west  of 

Spilsby      (Hundleby      Clav),      Claxby 
Ironstone  and  Spilsby  Sandstone. 

E.  '  Coprolite-bed  *  =     Nodule-bed  at  base  of  Spilsby  Sandstone. 

2.  **  On  some  Pod oph thai raous  Crustaceans  from  the  Cretaceous 
Formation  of  Vancouver  and  Queen  Charlotte  Islands."  By  Henry 
Woodward,  LL.D.,  F.R.S.,  PG.S. 

This  paper  contains  descriptions  of  several  Crustaceans  from  the 
Cretaceous  Coal-bearing  strata  of  Vancouver  and  Queen  Charlotte 
Islands,  sent  to  the  Author  by  J.  F.  Whiteaves,  Esq.,  F.G.S., 
Palaeontologist  to  the  Geological  Survey  of  Canada,  und  two  from 
the  Museum  of  the  Geological  Society  of  London. 

After  giving  a  brief  notice  of  the  deposits  from  which  the  nodules 
containing  these  crustacean  fossils  have  been  derived,  and  the  authors 
who  have  written  upon  them,  Dr.  Woodward  describes  (1)  a  new 
CaUianassa  which  he  names  Callinnassa  Whiteavesti ;  (2)  an 
Anomalous  Brachyuran.  which  he  names  Homolopsis  Richaid»oni ; 
(3)  a  new  Corystid,  named  Falaocorystea  Harveyi;  and  (4)  a  new 
Cancer,  named  Plagiolophus  Vancouver ensi 8. 

3.  "  On  a  Fossil  Octopus,  Calais  Newholdi  (J.  de  C.  Sby.,  MS.), 
from  the  Cretiiceous  of  the  Lebanon.*'  By  Henry  Woodward,  LL.D., 
F.R.S.,  P.G.S. 


Correspondence— Prof.  E.  Hull,  F.R.8.  89 

The  speoimen  to  which  the  Author's  attention  was  obligingly 
6mwn  by  Mr.  C.  Davies  Sherborn,  F.G.S.,  is  in  the  Museum  of  the 
6eologic»kl  Society,  and  was  obtained  by  Major  Newbold,  and 
named  in  1846  in  MS.  by  the  late  Mr.  J.  de  Carle  Sowerby,  CalaU 
Nembcidiif  who  added  on  the  label : — "  Ceph.  Octopoda.  Genus 
ineditQm.  Abdomen  alis  triangularibus  instructum.  E.  strafo 
oalcareo  (ieriiario)  Montis  Libani  a  (D.)  Newbold  effossum. — 1846. 
J.  de  Carle  Sowerby." 

The  Author  described  the  specimen  in  detail,  and  retained  for  it 
the  g^nuB  and  species  proposed  by  Mr.  Sowerby. 

4.  "On  Transported  Boulder-clay."  By  the  Eev.  Edwin  Hill, 
ILA.y  ^.Q.S. 

The  'mid-glacial'  sands  of  the  cliffti  between  Yarmouth  and 
Lowestoft  are  overlain  at  Corton  by  Chalky  Boulder-day.  But 
further  north  than  Corton  some  masses  of  the  same  clay  occur  in 
the  interior  of  the  clifTs,  surrounded  by  the  sands  in  undisturbed 
stratification,  but  passing  into  them  by  strings  and  patches  such  as 
suggest  the  melting  off  of  envelopiug  ice.  They  have  probably 
been  floated  and  dropped  there. 

Again,  gravels  lying  in  a  valley  of  Chalky  Boulder-clay  in  West 
Suffolk  (Cock field,  etc),  and  indicating  considerable  denudation  of 
the  Clay,  yet  have  some  patcbea  and  sheets  of  that  Clay  overlying 
them  as  if  carried  down  or  slipped  down  from  higher  ground. 

This  may  explain  some  anomtilous  positions  of  Boulder-clay 
noted  by  writers.  The  Lowestoft  observations  suggest  that  Chalky 
Boulder-clay  was  being  manufactured  in  one  locality  simultaneously 
with  '  mid-glacial  *  sands  in  another. 


A  GEOLOGICAL  SUR\T:Y  OF  EGYPT. 
Sir, — When  passing  recently  through  Cairo,  1  was  informed  by 
Lord  Cromer  of  the  intention  of  the  Egyptian  Government  to  under- 
take a  Geological  Survey  of  that  country,  and  a  few  details  of  the 
proposed  work  may  not  be  without  interest  to  your  readers.  I  may 
state  in  the  first  place  that  this  survey  is  to  be  undertaken 
independently  of  any  anticipation  of  the  discovery  of  valuable 
miuerals  ;  in  fact,  quite  independently  of  any  utilitarian  object,  but 
with  a  desire  to  advance  the  interest  of  science  in  Egypt,  and  to  put 
that  country  in  line  with  other  civilized  States.  At  the  same  time 
should  the  survey  result  in  the  development  of  mineral  substances, 
this  will  be  so  ranch  gain.  The  first  chief  of  this  new  department 
will  be  Captain  Lyons,  B.E.,  F.G.S.,  who,  as  your  readers  will  re- 
collect, recently  read  a  suggestive  paper  before  the  Geological  Society 
of  London  on  Egyptian  Geology,^  and  who,  while  a^rrying  out  the 
duties  of  his  position  as  an  ofiicer  of  the  Egyptian  army,  has 
taken  advantage  of  every  opportunity  to  extend  his  knowledge  of 
the  geological  structure  of  the  Nile  Valley  and  the  adjoining  desert 

'  **Oii  the  Stratiprraphv  and  Physiography  of  the  Libyan  Desert  of  Egypt," 
Q.J.G.S.,  Xo.  200  (Not.,  1891). 
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tracts.  I  understand  that  Captain  Lyons  intends  to  visit  England 
early  in  the  ensuing  summer  in  order  to  select  a  staff  of  young 
geologists  to  work  under  him  in  Egypt.  Ample  proviwion  has  been 
made  in  the  estimates  for  equipment,  tents,  camels,  and  attendance. 
It  will  of  course  only  be  possible  to  carry  on  outdoor  work  during 
six  months  in  the  year;  but  the  geological  structure  of  the  country 
is  of  great  interest,  though  on  the  whole,  simple ;  and  the  formations 
are  distributed  on  a  large  scale.  For  young  geologists  who  wish  to 
extend  their  knowledge  of  other  countries  the  work  ought  to  prove 
attractive,  and  with  due  care,  will  be  healthy.  Camping  in  tents  in 
the  desert  is,  as  I  can  state  from  experience,  exceedingly  enjoyable, 
and  when  to  this  is  added  the  delight  of  riding  on  camels  and 
donkeys,  there  is  nothing  more  to  be  said  in  order  to  secure 
numerous  volunteers  for  the  work  !  Edward  Hull. 


ERRATUM  AND  NOTE  TO  ARTICLES  ON  EOZOON. 

Sir, — I  observe  in  the  beginning  of  the  second  paragraph  of  my 
Article  in  December  1895,  p.  545,  an  error  which  may  puzzle  some 
readers.  The  words  "  old  caleiie  and  gerpentine  lagoons  "  should  \ye 
"ciilcite  and  serpentine  layers."  A  less  important  error  is  the 
substitution  of  the  name  **  Lome  "  for  "  Lowe  "  in  the  description 
of  Fig.  2  in  my  first  Article  in  October  1895,  p.  447. 

In  the  second  Article  I  should  perhaps  have  mentioned  that  in 
the  Glauconite  Limestone  of  Levis  (Ordovician),  and  in  that  of 
Kempfen,  Bavaria  (Eocene),  as  well  as  in  Cretaceous  and  Modern 
greensands,  while  some  grains  of  glauconite  fill  cavities  of  fossils, 
others,  and  often  the  great  majority,  are  independent  and  amorphous. 
Thus  in  mode  of  occurrence  the  hydrous  silicates  of  later  limestones 
do  not  differ  from  that  in  the  Grenville  Limestone. 

January  3,  1896.  Wm.  Dawson. 

ON  THE  TRUE  MEANING  OF  THE  TERM  BOLDERIAN. 

Sib, — Profespor  Dewalque,  of  Liege,  in  a  letter  you  have  lately 
published  (Ist  December,  1895),  criticizes  the  use  I  made  of  the 
term  "Bolderien,"  established  by  Dumont,  for  some  beds  of  the 
Belgian  Tertiary  formation.  But  this  courteous  censure  seems  to 
nie  without  sound  ground,  and  I  think  he  has  misunderstood 
Diimont's  statements. 

If  we  turn  to  the  Journal  of  the  Royal  Academy  of  Brussels, 
for  1849,  where  Dumont  created  the  term  "  Bolderian,"  we  read : 
**The  Bolderian  system  is  divided  into  two  stages;  one  is  a  marine 
stage  in  which  the  lower  part  consists  of  glauconiferous  sands,  and 
the  upper  part  is  composed  of  yellow  sands,  in  these  come,  in 
order,  the  fossiliferous  sands  of  the  Bolderberg;  the  other  stage  is 
a  fresh-water  formation,  consisting  of  sands  and  lignite,  of  which 
traces  are  found  under  the  Campinian  deposit." 

ITiere  is  no  doubt  about  this,  the  type  of  the  Bolderian  system,  in 
its  lower  part,  is  indicated  as  composed  of  marine  fossiliferous  sands 
found  in  the  hill  of  Bolderberg*  near  Hasselt,  and  includes  the 
fossiliferous  bed  so  well  known  in  that  locality. 
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This  opinion  is  repeated  in  Tarious  other  puhlioationa ;  we  can 
lee  in  the  explanation  of  the  geological  map  of  Belgium,  published 
bj  Dumont,  in  1892,  the  following  lines :  '*  Miocene= System 
ik>lderian  —  gravels,  glauconiferous  sands,  white  sands,  shelly 
grftveln,  and  various  other  sands." 

In  Dumont's  private  notes,  published  not  many  years  ago  by 
M.  M.  Mourlon,  we  find  the  same  version.  Dumont  says  in  his 
description  of  the  Bolderberg  Hill:  ''This  gravel  contains  pebbles 
of  flint  from  the  size  of  a  nut  to  the  size  of  an  egg,  and  a  great 
many  shells  more  or  less  well-preserved;  they  were  living  during 
the  time  of  the  deposition  of  tiie  sand  in  which  they  are  found." 

We  could  multiply  these  quotations,  but  when  Mr.  Dewalque 
ftiVB  that  the  Boiderian  is  a  white  unfossiliferous  sand,  he 
speaks  of  his  Boiderian,  but  not  of  the  original  Boiderian  of 
Dumont.  On  the  other  hand,  the  Bolderberg  fauna  is  clearly 
Upper  Miocene,  we  find  that  this  fauna  is  extremely  close  to  the 
fauna  of  Edeghem  sands,  near  Antwerp,  of  which  the  malacological 
fauna  has  been  described  by  Nyst,  in  1861,  as  true  Miocene.  More 
than  90  per  cent,  of  the  species  are  common  to  the  two  localities, 
and  we  think  there  is  good  ground  to  say  that  the  Boiderian  was 
contemporaneous  with  the  Anversian.  The  term  Anversian  was 
introduced  into  the  science  by  Mr.  Cogels,  in  1879,  to  indicate  the 
level  of  the  Edegliem  sand,  or  lower  black  sands  of  Antwerp. 

We  will  give  the  names  of  some  of  the  most  typical  shells  found 
in  the  Bolderberg : — 


MurejT  aquitanicua^  Grat. 
TfTtbra  Jfttufcroti^  Xvst. 
CtiHce/iaria  canegflata,  L. 

aculauynlari*^  Lk. 
xmbricata,  lloerued. 
LiffSftefM  Bntffadiftus,  (irat. 
I'ieui'vtoma  afperulata^  Lk. 
dattticulata^  Bust. 
ramusa,  Bast. 
„        ftnttva.  Dod. 
Fittuneultu  pilotutf  L. 


»» 


»» 


>» 


»* 


Conut  Dujardiui^  Xyst. 
Voluta  BoUiy  Koc'k.' 
Anedlaria  ohsohta^  Br. 
Oliva  Dufretneif  Bast. 
Turbo  muricatuity  Diij. 
Natica  Jottephima^  KLsso. 
Venus  muUilamtlla^  Lk. 
Cythcrea  chione^  Lk. 
Cur  hula  carifiata^  l^uj* 
Curbulomya  eotnplatmtaf  Sow. 
Ostrea  crassUsima^  Lk. 


It  will  be  at  once  clear  to  any  geologist  that  the  age  of  this  fauna 
must  be  Miocene ;  it  certainly  cannot  be  Oligocene.  This  is  a  warm 
(Huuthern)  fauna,  very  distinct  from  the  cold  or  temperate  fauna  of 
the  DieHtian  deposits.  The  scruple  of  Mr.  Dewalque  is  based  on 
the  fact  that  in  the  Bolderberg  Hill,  the  fossiliferous  bed  (some- 
times ferruginous)  rests  upon  a  thick  mass  of  white  sand,  and  is 
covered  by  a  great  mass  of  ferruginous  sandstone  pertaining  to  the 
Diestian  formation,  and  Mr.  Dewalque  does  not  seem  perfectly  sure 
witether  the  fossiliferous  bed  pertains  to  the  lower  mass,  or  to  the 
np|)er  one.  But  we  have  seen  that  the  old  stratigraphists,  such  as 
Dumont,  had  classified  the  fossiliferous  beds  with  the  white  sands ; 
and  since  that  time  the  best  contemporary  geologists,  as  Mr.  Gosselet, 
Lave  adopted  the  same  conclusion,  saying  that  the  fossiliferous  sands 
Lave  nothing  to  do  with  the  Diestian  or  upper  beds. 

More  recently  Mr.  Van  den  Broeck  discovered  at  Waenrode,  near 
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Diest,  in  the  Bolderian  white  sands,  a  fosBiliferons  bed  not  near  to 
the  top  of  the  formation.  Last  summer  the  Belgian  Geological 
Society  made  an  exoursion  to  those  localities,  with  a  view  to  observe 
again  the  exact  position  of  the  fossiliferous  bed.  The  sections  were 
exposed  afresh,  and  all  the  geologists  present,  Mr.  Lorie,  from 
Utrecht,  Mr.  Lohest,  pupil  of  Mr.  Dewalque,  Mr.  Vincent,  palaeon- 
tologist, and  many  other  distinguished  Belgian  geologists,  also  tbe 
writer  of  the  present  letter,  came  to  the  same  conclusion,  namely, 
that  the  fossiliferous  bed  is  inclosed  in  the  white  sands,  exactly  as 
had  been  stated  by  Dumont  many  years  ago. 

When  my  honoured  friend,  Prof.  Dewalque,  says  that  in  the 
eastern  direction,  near  the  valley  of  the  Rhine,  the  white  Bolderian 
Bands  contain  Tongrian  fossils,  this  is  only  an  affirmation,  but  no 
evidence  in  favour  of  this  statement  has  ever  been  produced.  We 
should  be  very  pleased  to  make  the  acquaintance  of  any  geologist 
who  has  been  so  fortunate  as  to  follow  step  by  step  the  Bolderian 
sands  from  Hasselt  to  the  Rhine  I 

The  most  recent  observations  seem  to  pix)ve,  on  the  contrary,  that 
Dumont  made  in  his  Bolderian  a  great  inversion ;  his  Upper  fluvio- 
marine  stage  is  really  the  Lower  one,  and  the  marine  shales  are 
the  Upper.  The  fluviatile  Bolderian  has  been  recognized  in  boring 
under  Campine  and  Limbourg,  and  probably  it  is  associated  with 
the  Rhenan  lignites ;  it  might  take  the  name  of  Aquitanian.  But 
this  question  is  not  yet  perfectly  solved.  Last  month  Mr.  Van  den 
Broeck  came  to  the  conclusion  that  the  Bolderian  sands  were  very 
close  to  the  Upper  Riipelian  sands,  and  that  all  these  sands  were 
united,  by  repeated  alternation,  with  the  Rupelian  clay  (Argile  de 
Boom)  and  by  no  means  form  a  good  horizon.  But  even  if  the 
fluviatile  Bolderian  is  not  valid  and  is  a  bad  subdivision,  containing 
sands  which  can  be  better  classified  in  three  or  more  different  stages, 
it  remains  always  a  good  marine  Bolderian,  a  sound  type  well  charac- 
terized by  its  pala9ontology,  and  indicated  by  its  stratigraphy.  We 
think  that  we  can,  without  any  hesitation,  maintain  the  old  name 
of  "  Bolderian  "  in  its  true,  original  acceptation. 

G.  F.  DoLLFus,  F.C.G.S. 

Paris,  10  Janvi^,  1896.  President  de  la  Societe  G^ologique  de  France. 


c>jaxmj'j^:Rir. 


HUGH    MILLER,    F.R.S.E,,    F.G.S. 

Born  July  16th  1850.  Died  January  8th,  1896. 

It  is  with  great  regret  that  we  record  the  death  of  Mr.  Hugh 
Miller,  F.R.S.E.,  F.G.S.,  of  the  Geological  Survey  of  Scotland. 
Bearing  the  same  name  as  his  distinguished  father,  the  author  of 
**  The  Testimony  of  the  Kocks,"  "  The  Old  Red  Sandstone,"  etc. 
Mr.  Hugh  Miller  inherited  a  taste  for  geological  pursuits,  and  joined 
the  Geological  Survey  in  1874.  Labouring  at  first  among  the 
Carboniferous  Rocks  and  Glacial  Drifts  of  Northumberland,  he  was 
subsequently  transferred  to  the  Geological  Survey  of  Scotland, 
and  worked  at  the  Old  Red  Sandstone  around  Cromarty,  rendered 
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olassio  by  the  Tesearobes  of  his  father.  Later  on  he  mapped 
portions  of  the  Ancient  Sohists,  Old  Red  Sandstone,  and  Drifts  of 
Eastern  Satherlandshire.  He  was  author  of  the  picturesquely - 
written  book  entitled  ''Landscape  Geology/'  and  of  papers  on 
Biver  Action  and  Glacial  Phenomena.  Among  the  more  important 
of  these  papers  the  following  may  be  mentioned  : — "  Tynedale 
Escarpments :  their  Pre-glacial,  Glacial,  and  Po8t-glacial  Features," 
1880;  "Biver  Terracing:  its  methods  and  their  results/'  1884; 
and  "On  Boulder-GIaciatiou,"  1884."  All  who  enjoyed  Mr.  Miller's 
friendship  will  feel  that  they  have  lost  a  kind-hearted,  though 
keenly  sensitive,  friend.  Strongly  imhued  with  a  love  of  Nature 
and  natural  phenomena,  he  at  the  same  time  kept  himself  in  touch 
with  the  intellectual  life  of  our  time.  He  leaves  a  widow  and  a  son, 
fifteen  years  of  age,  who  is  being  educated  at  Fettes  College. 

PROFESSOR    LUDWIG    RUTIMEYER,    M.D. 

Foreig:n  Member  of  the  Geological  Society  of  London. 
BoBN  1825.  Died  Noyembbr  26th,  1895. 

Herb  Professor  Dr.  Ludwio  Rutihetbr  was  horn  at  Biglen  in 
the  Commenthal,  Canton  Bern,  in  1825.  His  father  was  a  parish 
clergyman,  and  afterwards  Superintendent  of  the  Orphanage  at 
Bonn.  Ludwig  was  educated  in  the  High  Scliool  and  Gymnasium 
of  that  town,  and  in  1842  went  to  the  University  of  Berne,  where 
he  studied  theology,  with  the  intention  of  following  his  father's 
profession.  Having  developed  a  taste  for  comparative  anatomy,  no 
d(»ubt  partly  through  the  influence  of  his  friend  Peter  Merian,  the 
Basel  Palaeontologist,  he  forsook  his  theological  studies,  and  took  up 
uiedicine.  Afterwards  he  visited  many  of  the  chief  European  cities, 
and  in  Paris  in  1850  he  became  acquainted  with  Elie  de  Beaumont, 
and  in  1852  he  came  to  London,  which  he  again  visited  in  1877, 
In  1854;  he  took  up  academical  teaching  in  the  Berne  University, 
and  in  the  following  year  accepted  the  newly  established  Chair  of 
Zordogy  and  Comparative  Anatomy  at  Basel,  where  he  remained  till 
Lis  death. 

His  first  work,  **  Vom  Meere  bis  nach  den  Alpen,"  was  published 
on  his  return  from  his  travels  in  1854 ;  after  this  he  issued  a  long 
series  of  Memoirs,  characterized  by  the  great  accuracy  and  detail  of 
their  observations,  and  the  wide  philosopliical  grasp  and  far-reaching 
deductions  made  from  them. 

Some  of  the  more  important  of  these  memoirs  are  : — '*  Unter- 
Bnchungen  der  Thierreste  aus  dem  Pfahlbauten  in  der  Schweiz," 
18G0,  in  which  he  gives  an  account  of  the  earlier  races  of  some  of 
the  domestic  animals,  and  shows  that  while  in  the  Lake-dwellings 
of  Stone  Age  the  remains  of  wild  animals  predominate,  showing 
that  the  inhabitants  lived  mainly  by  the  chase,  in  the  Ititer  settle- 
ments, made  after  the  use  of  metal  was  discovered,  the  inhabitants 
relied  chiefly  on  various  domesticated  animals  for  food. 

Another  important  paper  is  "  Beitrage  zur  Kentnisse  der  Fossilen 
Pferde  und  zn  einer  Vergleichenden  Odontographie  der  Hufthiere  in 
AUgememen,"  1863 ;  this  may  be  regarded  as  laying  the  foundation 
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of  that  detailed  oomparative  morphology  of  the  teeth,  in  which  the 
homologies  of  the  several  cusps  is  considered,  and  from  which  the 
American  palaeontologists  have  been  able  to  draw  very  important 
conclusions  as  to  the  phylogeny  of  many  groups  of  mammals. 

In  a  paper  entiled  *'  Ueber  die  Herkunft  unserer  Thierwelt  eine 
Zoogeographisch  Skizze,"  1867,  Riitimeyer  gives  a  masterly  account 
of  the  distribution  of  the  mammalia,  showing  the  relations  of  the 
fossil  faunas  to  one  another  and  to  the  recent  forms.  It  is 
a  testimony  to  his  sagacity  that  the  great  additions  to  our  knowled^^e 
of  this  subject  have  confirmed  most  of  his  conclusions,  and  have 
rendered  very  few  untenable. 

He  was  elected  a  Foreign  Member  of  the  Geological  Society  of 
London  in  1882. 

Up  to  the  time  of  his  death  Prof.  Riitimeyer  maintained  a  lively 
interest  in  all  scientific  researches,  and  carried  on  his  correspondence 
to  the  last     He  died  at  Basel  on  26th  November,  1895. 

E.    A.    WUNSCH,    F.G.S. 

Bo&N  1822.  Died  Novbmbbr  19th,  1895. 

This  gentleman  was  one  of  the  original  members  of  the  Glasgow 
Geological  Society,  which  was  founded  in  1858,  and  he  has  served 
the  office  of  Vice-President  several  times  from  1858  to  1881,  when 
he  left  Glasgow  to  reside  at  Carharrack,  Scorrier,  Cornwall,  where 
he  died  November  19th,  aged  73  years. 

The  most  important  service  which  he  rendered  to  geological 
science  was  his  discovery  in  1865  of  erect  trees  buried  in  volcanic  ash 
at  Arran.  These  trees  were  discovered  in  the  Lower  Carboniferous 
strata  of  the  north-eastern  part  of  Arran  in  the  sea-clifif,  about  five 
miles  north  of  Corrie,  near  the  village  of  Laggan.  Here  strata  of 
▼olcanio  ash  occur,  forming  a  solid  rock  cemented  by  carbonate 
of  lime  and  enveloping  trunks  of  trees,  determined  by  Mr.  Binney 
to  belong  to  the  genera  Sigillaria  and  Lepidodendron.  Sir  Charles 
Lyell  mentions  that  he  visited  the  spot  in  company  with  Mr. 
"Wiinsch  in  1870,  and  saw  that  the  trees  with  their  roots,  of  which 
about  fourteen  had  been  observed,  occur  at  two  distinct  levels  in 
volcanic  tnfifs,  parallel  to  each  other,  and  inclined  at  an  angle  of 
about  40°,  having  between  them  beds  of  shale  and  coaly  matter 
seven  feet  thick.  It  is  evident  that  the  trees  were  overwhelmed  by 
a  shower  of  ashes  from  some  neighbouring  volcanic  vent,  as 
Pompeii  was  buried  by  matter  ejected  from  Vesuvius.  The  trunks, 
several  of  them  from  three  to  five  feet  in  circumference,  remained 
with  their  stigraarian  roots  spreading  through  the  stratum  below, 
which  had  served  as  a  soil.  The  trees  must  have  continued  for 
years  in  an  upright  position  after  they  were  killed  by  the  shower  of 
volcanic  ash,  giving  time  for  a  partial  decay  of  the  interior,  so  as  to 
afford  hollow  cylinders  into  which  the  spores  of  plants  were  wafted. 
These  spores  germinated  and  grew,  until  finally  their  stems  were 
petrified  by  carbonate  of  lime,  like  some  of  the  remaining  portions 
of  the  wood  of  the  original  Sigillaria  tree- trunks. — •*Ly ell's  Students 
Elements/'  4:th  edition,  1885,  pp.  496,  497. 
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Tbi  Hon.  Waltbb  B.  D.  Hantku..  F.Q.S.— We  regret  to  reoord 
Ibe  loss  of  this  ezoellent  naturalist  and  geologist,  who  died  at 
VellingtoD,  New  Zealand,  September  7th,  1893,  in  his  75th  year. 
Ha  was  the  eldest  son  of  the  well-known  geologist,  Dr.  G.  A. 
Uaotell,  F.S.3.,  and  settled  in  New  Zealand  in  1840,  where  be  waa 
fw  years  a  member  of  the  Colonial  Government.  We  hope  to  give 
t  fuller  notice  of  bis  work  later  on. 


MiaCEJIiI,-A.U-B01TS. 


Seasoh  roK  Coal  in  East  Ahoua. — The  Eastern  Counties 
Coal  Boring  Associstioa  has  abandoned  the  hope  of  finding 
coal  at  Stntton  on  the  Stuur,  where  the  bore  has  been  carried 
down  1,625  feet.  The  consulting  geologists  and  the  niinini; 
engineer  expert  are  agreed  that  the  rooks  reached  are  evidently 
older  than  the  Coal-measiirea.  The  next  trial  bore  is  likely  to  he 
made  either  some  ten  miles  to  the  north,  about  Bramford,  in  SuSolk, 
or  the  same  distanoe  to  the  south,  near  Bentley  or  Weeley,  in  Essex. 
At  present  the  latter  site  seems  to  be  most  in  lavour. — St.  Jamti 
Sautte,  November  28tb,  1695. 


Gbouiot  of  tub  Ban  Franoisgo  Pkninbula. — ObBervations 
ntde  by  Mr.  A.  C.  Lawson  on  the  geology  of  the  San  Francisco 
Peninsula  show  the  presenoe  of  seven  groups  of  rocks  or  "  terranes." 
(1)  Crystalline  limeBtone,  of  nnknown  age ;  (2)  Granite,  referred 
to  ss  the  Montara  granite,  which  is  intrusive  in  the  cryatallina 
rock,  is  perhaps  of  poat-Juraasio  age,  and  ia  spoken  oF  as  "a 
great  balholite,  which  has  invaded  the  crust  from  below";  (S) 
The  Franciacan  aerie  a,  probably  of  Cretaceous  age,  in  which 
there  are  not  only  grita,  conglomeratea,  shales,  great  bede  of 
■sndalone,  and  some  volcanic  rooks,  but  also  foramiuiferal  lime- 
Mones,  and  peculiarly- bedded  Badiolarian  cherts ;  (4)  Sandatone  of 
Eocene  age;  (o)  Monterey  aeriea  (Miocene);  (6)  Merced  series 
(Pliocene) ;  and  (7)  Terrace  formations  (Pleistocene  and  later). 
The  Radiolarian  cherts  of  the  Franoiacan  aeriea  are  hard,  flinty, 
ailioeous  rocks,  of  varied  colour,  and  they  occur  in  thin  sheets 
(two  to  four  inches  thick)  with  partings  of  shale:  bnt  they  are 
Dot  of  great  extent.  The  beds  are,  in  places,  several  hundred  feet 
thick,  and  they  are  interbedded  with  sandstones.  In  many  oases 
the  cherts  are  true  jaspers,  and  sometimes  they  pass  into  a  quartz- 
rock  resembling  vein-quartz.  The  Rudiolaria  appear  as  minute  dots 
quite  distinct  from  the  matrix.  The  suggestion  that  these  cherts 
tre  deep-sea  deposits  is  negatived  by  their  interbedding  with  sand- 
iloaes.  Nor  can  they  be  considered  as  mainly  organic.  The  silica 
of  the  cherts  seems  to  have  been  originally  an  amorphous  chemical 
precipitate,  deposited  at  local  centres  on  the  sea- bottom,  in  which 
Radiolarian  remains  were  sporadically  entombed.  The  most  pro- 
Ubla  origin  of  the  bulk  of  the  silica  is  considered  by  Mr.  Lawson 
to  iiare  been  sub-marine  siliceous  springs  of  solfatario  character. 
(Aiotfican  Oeologiel,  June,  1895.) 
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Western  Australia. — Mb,  Harry  Page  Woodward,  J.P., 
F.G.S.,  F.B.G.S.,  F.I.Inst,  Assoc.  Memb.  N.  of  Engl.  Inst.  Mining 
and  Mech.  Eng.,  formerly  Assistant  Government  Greologist,  South 
Australia,  and  who  for  the  past  eight  years  has  filled  the  important 
post  of  Government  Geologist  for  Western  Australia,  has  resigned 
the  Government  Service  and  joined  the  staff  of  Messrs.  Bewick, 
Moreing,  and  Company,  Mining  Engineers,  of  London  and  Western 
Australia.  Mr.  Woodward's  services  will  be  available  for  reporting 
and  advising  on  all  Western  Australian  properties  through  Messrs. 
Bewick,  Moreing,  and  Co. — "Mining  World  and  Engineering 
Beoord,"  January  lltb,  1896,  p.  67.  "The  British  Australasian 
and  New  Zealand  Mail"  of  January  9th,  writes  as  follows: — 
"  When  I  was  in  Western  Australia  in  1891,  I  had  the  pleasure  of 
seeing  a  good  deal  of  Mr.  Woodward,  and  a  more  efficient  public 
official  I  never  met  with.  Apart  from  his  professional  qualifications 
be  is  a  man  of  fine  physique,  inured  to  fatigue,  and  of  most 
agreeable  manners.  Nobody  understands  the  Colony  geologically 
and  otherwise  better  than  he  does,  and  there  can  hardly  be  an  acre 
of  the  settled  districts  which  he  has  not  inspected.  The  worst  of 
it  is  Governments  cannot,  or  will  not,  pay  efficient  officers  at  the 
same  rate  which  private  firms  are  able,  and  indeed  compelled,  to 
offer  for  first-class  services,  and  as  a  natural  result  the  tendency 
is  to  rob  the  Civil  Service  of  its  brightest  ornaments.  However, 
the  services  of  Mr.  Woodward  will  not  be  lost  to  the  Colony,  and 
their  value  may  be  even  increased  now  that  with  his  great  abilities 
be  has  a  free  hand.  I  heartily  congratulate  Messrs.  Bewick, 
Moreing,  and  Co.  on  their  latest  acquisition." 

New  GEoiiOoiCAL  Survey  Map. — The  Geological  Survey  has 
just  issued,  for  the  first  time,  a  map  printed  in  colours.  This  is 
Sheet  12  of  the  four-mile  to  one  inch  map  of  England  and 
Wales.  It  includes  the  London  Basin  and  great  part  of  the 
Wealden  area.  As  previously  published,  coloured  by  hand,  the 
price  of  this  sheet  was  10s.  Gcf.  The  price  is  now  2s.  6d.  This  will 
in  itself  be  an  advantage  to  purchasers;  and  moreover  there  is 
another  advantage,  and  it  is  that  colour-printed  maps,  when  carefully 
prepared,  are  accurate  and  uniform ;  whereas  in  hand-coloured  maps 
uniformity  in  colouring  cannot  be  rigidly  maintained,  and  the 
colourist  may,  at  times,  omit  to  colour  certain  outliers  and  inliers. 
We  understand  that  Her  Majesty's  Stationery  Office  has  issued  this 
new  map  as  an  experiment,  and  that  if  successful  the  companion 
sheets  of  this  useful  map  of  England  and  Wales,  will  likewise  be 
printed  in  colours,  with  a  corresponding  reduction  in  price.  We 
should  like  to  see  the  system  of  colour-printing  adopted  with  regard 
to  the  new  series  of  one-inch  maps  now  in  course  of  publication  by 
the  Geological  Survey,  for  the  system  is  almost  universally  adopted 
abroad,  and  with  success. 
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I. — Thb  Mbrjelkn  Lake  (Albtsch  Glacier). 
By  C.  S.  Du  BiCHB  Prbllbe,  M.A.,  Ph.D",  M.I.E.E.,  F.G.S.,  F.C.S. 

(PLATE  VI.) 

THE  Meijelen  or  Maerjalen  Lake,  situated  at  an  altitude  of  2367 
metres  (7750  ft.)  alK)ve  sea-level  at  the  western  flank  of  the 
Great  Aletsoh  glacier,  belongs  to  the  class  of  glacier  lakes  which 
are  found  in  depressions  or  valleys  barred  by  glaciers  whose  direction 
of  flow  is  more  or  less  at  right  angles  to  the  same.  Like  the 
majority  of  glacier  lakes,  it  has  the  shape  of  an  irregular  triangle, 
the  length  being  about   1*5  kilometre  (nearly  a  mile),  its  greatest 
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width  0*5  kilometre  (550  yards),  and  its  mean  depth  28  metres 
(92  ft).  Hence  its  superficial  area  amounts  to  375,000  square 
metres  (438,000  square  yards),  and  its  volume  at  high-water  level 
to  about  10  million  cubic  metres  or  tons. 

As  is  shown  in  the  section  reduced  by  the  writer  from  the 
Swiss  Contour  Map,  the  lake  is  shut  in  by  the  Eggishorn  to 
the  south  and  by  Strahlhorn  to  the  north,  while  at  its  western  or 
broader  end  it  is  barred  by  an  ice- wall  500  metres  (550  yards)  in 
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length  and  about  50  metres  (164  ft)^  in  depth,  formed  by  tbe 
Aletscb  glacier.  The  oross  valley  or  depression  in  the  gneiss 
formation  between  the  Aletsch  and  Yiesoh  glaciers  was,  in  times  of 
more  extensive  glaciation,  evidently  filled  by  an  offshoot  of  the 
former  glacier  into  tbe  Yiesch  valley,  although  the  fine  mud  which 
covers  tbe  bottom  of  the  lake  is  not,  as  has  been  averred,  old 
moraine^'  but  simply  deposit  of  the  particles  held  in  suspension 
by  the  lake.  Under  the  glacial  conditions  of  the  present  day,  the 
Aletsch  glacier  is  unable  to  invade  and  fill  the  lake  basin,  the  more 
so  as  the  lake  is,  in  addition  to  glacier  wat«r,  fed  by  spring  water, 
and  notably  from  a  small  tarn  on  the  Merjelen  Alp  about  760  ft 
above  the  lake-level,  so  that  the  water  in  the  lake  is  kept  in  motion, 
and  permanent  congelation  is  thus  prevented.  Indeed,  the  melting 
power  of  the  lake  water  is  evidenced  by  the  fact  that,  although  tbe 
surface  of  the  Aletsch  glacier  slopes  gently  into  the  lake,  the  slope 
is,  below  the  water's  edge,  undermined  and  melted  down  to  a  vertical 
wall  or  cliff.  The  glacier  thus  acts  as  a  retaining  wall  to  the  lake, 
while  the  latter  retains,  that  is,  prevents  the  intrusion  of,  the  glacier. 

The  natural  outlet  of  the  lake  is  to  the  west,  through  the  Aletsch 
glacier;  but  when  the  lake  exceeds  a  certain  level,  it  has  at  its 
eastern  or  narrow  end  an  additional  outflow  to  the  Yiesch  glacier, 
over  a  low  divide  or  saddle  which,  at  ordinary  level,  separates  it 
from  the  drainage  area  of  that  glacier.  The  lake  thus  possesses  the 
peculiar  feature  of  having  two  outlets  in  opposite  directions. 

In  addition  to  its  contiguity  to  the  Aletsch  glacier,  and  to  the 
intensely,  almost  unique,  greenish-blue  colour  of  its  water,'  the 
Merjelen  lake  possesses,  as  is  well  known,  the  further  peculiarity, 
not  only  of  sudden  fluctuations  of  level,  but  of  emptying  itself  at 
irregular  intervals,  and  sometimes  within  the  space  of  eight  or 
twelve  hours,  through  a  temporary  passage  in  the  glacier  wall,  tbe 
phenomenon  being  on  certain  occasions  accompanied  by  a  gp'eat  noise, 
which  is  sometimes  heard  at  a  distance  of  no  less  than  six  miles,  and 
is  produced  partly  by  the  overhanging  roof  of  the  glacier  falling  in 
and  partly  by  the  rush  of  water  through  the  glacier. 

This  remarkable  Alpine  phenomenon  recurred  during  the  night 
from  Monday  to.  Tuesday,  23rd  to  24th  September  last  Already,  in 
the  autumn  of  1894,  a  partial  emptying  had  taken  place,  the  lake 
being  then  reduced  to  about  one-third  of  its  volume  at  high  water. 
As  is  usual  in  the  case  of  partial  emptying,  there  remained  two 
lakelets  or  tarns — an  upper,  smaller  and  shallow  one,  and  a  lower, 
larger  one,  deepening  rapidly  towards  the  glacier  end,  the  two  basins 
being  divided  by  a  path  which  leads  to  Concordiahiitte  and  is  sub- 
merged when  the  lake  is  at  high  level.  During  the  hot  and  dry 
summer  of  1895  the  lower  basin  rose  again ;  at  the  end  of  August 

1  The  exact  depth  deduced  from  the  Swiss  Contour  Map  is  47  metres  (164  ft.), 
while  that  measured  by  Prof.  Ramsay  in  1868  was  167  ft. 

*  Ph.  Gosset,  Jahrbuch  S.A.C.  1887-8. 

'  This  colour  appears  to  correspond  approximately  to  shade  v  of  Prof.  F.  A. 
Forel's  scale  of  eleven  shades  of  lake  waters.— F.  A.  Forel,  **Le  Ldman,**  vol.  ii, 
p.  464.    Lausanne,  1896. 


lyr.  Du  Riohe  Preller — The  Merjelen  Lake. 


99 


the  twa  basins  were  again  united ;  and  by  the  20th  of  September  the 
hke  bad  risen  farther  2*5  metres  (8  feet),  when  along  the  glaoier 
wall  there  appeared  a  distinctly  marked  water-line,  which  afforded 
unmistakable  proof  that  the  lake-level  was  again  beginning  to  drop. 
On  that    day   it   fell    lOoentim.    (4   inches);  on  September  2l8t, 
dOoeotim.  (12  inches) ;  on  the  22nd  the  fall  was  2  metres  (6  6  feet)  ; 
on  the  23rd  the  total  fall  reached  6  metres  (20  feet) ;  and  during  the 
night  the  lake  emptied  itself  so  completely  that  on  the  following 
morning  the  glacier  wall  was  exposed  to  view  to  its  full  depth  of 
aboat  50  metres  (165  feet),  and  exhibited  a  large  number  of  ice- 
caves  and  perpendicular  fluted  fissure;!,  while  the  bottom  of  the  lake 
was  streweil  with  blocks  of  ice  which,  as  is  characteristic  of  the 
Merjelen  lake,  had  been  floating  on  its  surface,  or   had  recently 
fallen,  and  were  still  falling,  from  the  undermined,  and  therefore 
overhanging,  roof  of  the  glacier  projecting  into   the   lake.     The 
spectacle  of  the  stranded  and  still  falling  masses  of  ice,  but  more 
especially  that  of  the  ice-cliff  exposed  in  all  its  freshness,  is  one  of 
exceeding  grandeur,  although  this  freshness  completely  disappears 
after  a  few  days  owing  to  the  action  of  the  air. 

On  comparing  this  occurrence  with  the  one  of  July  19th,  1878— 
the  only  one  of  which  detailed  record  exists^ — the  writer  finds  that 
00  the  latter  occasion  the  lake-level  began  to  drop  in  the  morning  of 
Joly  18th,  the  drop  being  only  one  metre  (about  three  feet)  during 
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that  day,  further  3  metres  (10  feet)  during  the  night,  and  40  metres 
(130  feet),  or  practically  to  the  bottom,  during  the  day  of  the  19th 
Joly.  On  both  occasions,  the  phenomenon,  therefore,  occurred 
under  very  similar  conditions,  the  only  difference  being  that  in  1878 
the  initial  drop  took  about  twenty-four,  and  in  1895  about  48  hours, 
whilst  the  time  within' which  the  lake  emptied  itself  did,  in  both 
cases,  not  exceed  twelve  hours.  The  bulk  of  the  water  thus 
abstracted  from  the  lake,  after  finding  its  way  through  fissures  in 
the  glacier,  discharges  by  the  Aletsch  glacier  stream  called  the  Massa 
torrent,  into  the  Rhone  near  Naters,  about  2'5  kilometres  (1*5  mile) 
above  Brieg.  The  occurrence  of  1878  caused  the  Rhone  at  Brieg  to 
rise  about  1*5  metre  (5  feet)  above  its,  then  fortunately,  low  level. 

*  A  short  notice  of  this  occurrence  is  given  by  F.  v.  Salis  in  the  Jabrbnch  of 
the  Swiss  Alpine  Club,  1878  to  1879.  Prof.  T.  G.  Bonney  (♦'  Nature,"  1867,  xMvi, 
p.  612)  in  Angnflt,  1858,  also  saw  the  lake  full  one  day  and  empty  the  next,  the 
mptring  having'  taken  place  during  the  night.  On  the  other  hand,  in  1890, 
*<%ording  to  Prince  Ronald  Bonaparte,  the  emptying  of  the  lake  did  not  take  place 
till  five  (toys  after  the  initial  fall  ("Archives  de  Genive,"  xxiv,  1890,  p.  401). 
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The  emptying  of  the  Merjelen  lake  recurs  at  -irregular,  and  not 
at  all,  as  is  popularly  assumed,  at  regular  intervals.^  It  has  been 
explained  by  the  existence  of  a  tunnel  in  the  glacier,'  which  is 
supposed  to  widen,  narrow,  or  close  entirely,  according  as  the 
glacier  shifts  its  position,  the  total  emptying,  the  partial  emptying, 
or  the  rise  to  overflow  level  of  the  lake  being  the  result.  But  this 
explanation  is  far  from  satisfactory.  During  a  period  of  growth  of 
the  glacier,  the  supposed  tunnel  would  move  downward  at  the  rate 
of  about  50  metres  per  annum,  or  half  a  foot  per  day  (viz.  at  about 
half  the  speed  of  the  glacier  at  its  axis) ;  hence,  in  ten  years  it 
would  travel  the  whole  length  of  the  bar  of  500  metres,  and  the 
supposed  tunnel  would  then  become  inoperative  so  far  as  the  lake 
is  concerned. 

'  The  theory  of  this  mysterious  tunnel,  whose  connection  with  the 
stream  flowing  at  the  bottom  of  the  glacier  has,  moreover,  never 
been  explained,  may  therefore  be  discarded ;  and,  in  my  view, 
the  phenomenon  of  the  lake  rising  to  its  maximum  level  is 
due  essentially  to  meteorological  causes,  while  the  emptying  is 
produced  by  mechanical  agency.  In  other  terms,  the  rise  to  the 
maximum  level  is  due  to  the  rate  of  ablation  or  melting  of  the  ice 
at  the  glacier  wall  being,  at  certain  periods,  e,g.  during  a  hot  and 
dry  summer  or  during  the  prevalence  of  hot  southerly  winds 
(Foehn),  largely  in  excess  of  the  ordinary  outflow  through  small 
fissures  in  the  glacier  wall ;  while  the  emptying  of  the  lake  in  the 
space  of  ten  or  twelve  hours  is  due  to  the  largely  increased  pressure 
of  the  volume  of  water  against  the  glacier  wall,'  whose  porous 
condition,  produced  by  the  process  of  ablation,  facilitates  the  forma- 
tion of  large  fissures,  through  which  the  efflux  of  the  water  takes 
place.  The  fact  of  the  level  of  the  lake  at  first  falling  comparatively 
slowly,  say  about  six  feet  in  twelve  hours,  and  then  rapidly,  or  about 
160  feet  in  the  same  period,  is  easily  explained  by  the  gradual 
yielding  of  the  ice  to  the  pressure  of  the  water,  until  the  rent  or 
orifice  enlarges  and  the  rate  of  efflux  is  thereby  accelerated. 

Th&  drainage  area  of  the  lake  is  about  3  square  kilometres,  or  1'15 
square  mile,  which,  at  an  annual  rainfall  of  3  metres  (10  feet),  and 
allowing  45  per  cent  for  absorption  and  evaporation,  yields  about 
5  million  cubic  metres  or  tons  per  annum.  The  lake  may  therefore 
be  said  to  contain  its  normal  volume  when  it  is  about  half  full.  I'o 
keep  it  at  this  normal  level,  the  requisite  outflow  is  only  004  cubic 
metre,  or  1*4  cubic  foot,  per  second,  and  this,  at  a  mean  head  of 

'  The  lake  is  said  to  have  emptied  itself  formerly  every  seyen  years,  latterly  eTery 
three  years. 

«  Ph.  Gosset,  Jahrbnch  S.A.C.  1887  and  1888,  p.  360. 

'  The  pressure  of  a  head  of  water  of  50  metres  (164  feet)  is  equal  to  five 
aimospheres  or  73  lbs.  per  square  inch ;  and  the  pressure  of  the  whole  volume  of 

th^  lake  on  the  porous  glacier  wall  is  no  less  than  —^ — '-j-^  =400  tons  per  square 

unite,  or  37  tons  per  square  foot,  viz.  fire  times  the  pressure  allowed  for  the  walls 
large  teaerroira. 
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water  of  14  metres  (46  feet),  requires  an  oriOoe  6i 'ooij  23  square 
centimetres,^  or  3*6  square  inches,  so  that  a  very  small  fi^snre  in  the 
ioe-wall  snffioes  for  the  ordinary  drainage  of  the  lake  through  the 
glacier.  When  the  lake,  swelled  by  water  derived  from  Ihe'  glacier, 
reaches  its  maximum  level  (viz.  contains  10  million  cubic  motYes  or 
tons,  or  double  its  normal  volume),  and  then  empties  itsej^.-ihe 
disohai^  of  about  1  million  cubic  metres  during  the  first  twelve 
hours  corresponds  to  23  cubic  metres  (805  cubic  feet)  per  second,  4'r, 
at  a  mean  head  of  25  metres  (82  feet),  to  an  orifice  of  1  square  metf-e^ 
(10*7  square  feet) ;  and  the  discharge  of  9  million  cubic  metres  in* 
the  following  twelve  hours  corresponds  to  nine  times  as  much — tbat 
is,  to  208  cubio  metres  per  second,  and  to  an  orifice  of  9  square 
metres,  or  about  100  square  feet  The  outflow  of  about  200  cubic 
metres  per  seoond  is  larger  than  the  average  volume  of  the  Rhone  at 
its  inflow  into  the  lake  of  Geneva  (150  cubic  metres  per  second); 
but  the  pressure,  and  hence  the  velocity,  of  the  discharge  from  the 
Meijelen  lake  is,  of  course,  so  much  greater,  that  a  much  smaller 
sectional  area  is  required.  It  is  thus  seen  that  the  fissures  or  rents 
through  which  the  lake  empties  itself  are  by  no  means  of  extra- 
ordinary dimensions.  The  whole  process  is,  in  fact,  precisely  like 
that  of  an  ordinary  reservoir  discharging  its  contents  through  a  rent 
gradually  formed  and  widening  in  a  saturated  dam ;  in  both  cases, 
the  discharge  takes  place  at  the  point  of  least  resistance. 

There  are  no  exact  data  to  show  how  much  time  the  lake  requires 
to  refill  to  its  normal  level  (about  half  full) ;  but  it  is  evident  that 
this  operation  is  performed  very  gradually,  and  chiefly  in  winter  and 
early  spring,  when,  owing  to  the  stoppage  of  ablation,  the  glacier 
Wall  becomes  again  compact,  and  the  lake  is  fed  by  increased 
precipitation  in  its  drainage  area.  The  greater  frequency  of  the 
partial  or  complete  emptying  of  the  lake  within  the  last  twenty 
years  coincides  with  the  ascertained  general  recession  or  shrinkage 
of  the  Great  Aletsch  glacier  since  1873';  and  there  is,  possibly,  a 
relation  between  the  two  phenomena,  since  both  are,  in  the  main, 
the  effects  of  meteorological  causes. 

Owing  to  the  conflict  of  evidence,  it  is  extremely  difficult  to 
obtain  authentic  information  respecting  the  partial  or  complete 
emptying  of  the  lake  and  the  exact  dates  of  the  phenomenon.  This 
much,  however,  is  certain,  that  a  partial  emptying  produced  by  the 
forcing  of  a  passage  at  a  point  above  the  base  of  the  glacier  wall 
is  of  much  more  frequent  occurrence  than  a  total  discharge  of  the 
lower  basin.     Even  in  the  latter  case  a  pool  always  remains  in  the 

npper  or  shallow  basin.     Moreover,  the  mere  fact  of  the  lake  having 

.1 

*  The  sectional  area  is  given  by  the  volume  divided  by  the  velocity,  and  the 
velocity  is  given  by  V  2  ^  A,  g  being  the  acceleration  due  to  gravity  =  10  (metric),  and 
A  the  mean  bead  of  water. 

'  Like  the  majority  of  Alpine  glaciers,  the  Aletsch  glacier  increased  during  the 
to  half  of  this  century;  its  decrease  began  about  1860,  and  has  become  more 
"Barked  since  1873.  In  1893  it  receded  five  metres  or  seventeen  feet,  according  to 
l*rof.  F.  A.  Forel's  **  Variations  Periodiquea  des  Glaciers  des  Alpes*'  for  that  year. 
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been  seen  einVty  at  any  time,  is  per  m  of  no  valae  unless  it  is  also 
shown  thhi'irwas  seen  full  the  day  or  a  few  days  before;  other- 
wise it.*tiay,  aooording  to  the  season,  have  been  empty  for  mouths. 
The  fi&Uowing  are  the  years  (sinoe  1870)  in  which  the  phenomenon 
hai|*JteVl  recorded,^  the  total  emptyings  in  eight  to  twelve  years 
behig^marked  with  an  asterisk,  while  the  cases  of  the  lake  being 
*1Heen  about  half  full  are  omitted,  because  this,  as  already  shown,  is 
.,  it^  normal   oondidon.      It  will  be  observed  that  the  phenomenon 
/;. /occurs  always  between  June  and  September,  an  additional   proof 
.•.,**•. •'that  it  is  essentially  due  to  meteorological  causes: — 1871.     August, 
'^•.*-     1872.    1873.*    July,  1878. <►    June,  1882.    August,  1884^    August, 
1886.     September,  1887.*    June,  1889.    July,  1890.*    July,  1892. 
September,  1894.     September,  1895.* 

Until  recently,  when  the  lake  exceeded  its  ordinary  maximum 
level  before  it  had  forced  a  passage  through  the  Aletsch  glacier,  ati 
overflow  took  place  over  the  low  saddle  to  the  east  towards  tlie 
Viesch  glacier,  about  770  metres  or  2640  feet  below  the  level  of 
the  lake.  In  both  cases  the  sudden  rise  either  of  the  Aletsch  or 
of  the  Viesch  torrent  occasionally  flooded  part  of  the  Rhone  valley 
above  Brieg;'  and  it  is  with  the  view  of  eliminating  this  danger 
that  the  outlet  of  the  lake  to  the  Viesch  valley  has  recently  been 
artificially  lowered  about  7  metres,  or  23  feet,  by  a  tunnel  driven 
through  the  low  divide,  about  700  yards  in  length  and  two  square 
metres  (21*4  square  feet)  in  section,  which  is  intended  to  drain  and 
discharge  on  the  Viesch  glacier  the  overflow  as  soon  as  the  lake  rises 
about  three  metres  (ten  ^t)  above  the  level  at  which  the  lower  and 
upper  basins  unite.  The  overflow  of  which  the  lake  will  thus  be 
relieved  is  about  three  million  cubic  metres,  equal  to  about  one-thiid 
of  its  volume  at  maximum  level. 

It  is.  however,  evident  that  although  this  artificial  drain  will 
greatly  mitigate,  if  not  altogether  prevent,  the  contingency  of 
damage,  a  discharge  through  the  Aletsch  glacier  will  always  be 
liable  to  occur  whenever  the  ice-wall  has  become  sufficiently  poi-ous 
or  undermined  to  yield  to  the  pressure  of  the  water.'  Thus,  while 
rendered  practically  harmless,  the  Merjelen  lake  will  still  retain  the 
special  feature  which  makes  it  unique  among  the  glacier  lakes  of 
the  Alps. 

^  The  data  up  to  1890  are  derived  from  the  lists  given  by  M.  Ph.  Gosset  and  by 
Prof.  F.  A.  Forel  (Jabrbuch  Swiss  Alpine  Club;  1887  to  1890,  p.  356,  and  1890 
to  1891,  p.  358) ;  those  up  to  1895  are  collected  by  myself. 

•  Formerlj,  the  cowherd  who  first  arrived  in  tne  Rhone  valley  with  the  news  of 
ibe  lake  havmg  emptied  itself  (the  distance  from  the  lake  to  Brieg  being  about  nine 
miles)  was  rewarded  with  a  pair  of  new  shoes 

^  This  actually  happened  on  the  23rd  September  last,  when  the  lake  had  risen  to 
within  50  centimetres  (r6  foot)  of  the  floor  of  the  overflow  tunnel,  and  then,  as  if  to 
show  its  contempt  for  this  work  of  man*s  hand,  emptied  itself  again  through  its 
natural  channel,  the  Aletsch  glacier.  The  committee  of  inspection  which  was  on  its 
way  from  Brieg,  expecting  to  see  the  overflow  tunnel  in  operation,  arrived  on  the 
24tn  September  only  to  find  the  lake  empty. 
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n.— Thb   IoB'A-valanghe  on    thb    Qbmhi  Pass   (Switzbbland). 
By  C.  8.  Dv  BicHB  Pbillib,  U.A.,  Ph.D.,  M.I.E.&.,  F.G.S.,  F.C.S. 

IT  ia  a  noteworthy  fact  that,  although  Alpine  ((laoierg  have,  dnringf 
the  laHt  few  yeare,  not  shown  any  very  marked  OBoillatiouB,'  the 
Central  Alps  have,  ginoe  the  year  1892,  been  annually  visited  by 
a  disaster  caused,  direotly  nr  in^lireotly,  by  the  bursting  or  falling  of 
k  glacier.  Thus,  in  1892,  th«  Tfite  K<iiisHe  glacier  of  the  Mont  Blano 
group  swept  away  the  Batlia  of  St.  Oervais;  in  1893.  the  village  of 
Taeech,  between  Viees  and  Zermatt,  was  devastated  by  the  torrent 
9f  the  Weingarten  glacier,  not  far  from  the  village  of  Randa,  which 


wu  destroyed  by  a  glacier  avalanche  in  the  year  1819;  again,  in 
1894,  the  torrent  of  the  Cr6te  glacier  (Grand  Combin  group,  Bhone 
valley)  aaddenly  poured  its  flood  into  (he  river  Dranse,  and  thereby 
endangered  tfae  town  of  Martigny;  while  last  year  the  record  was 
■welled  by  the  avalanche  of  the  Altela  glacier  on  the  north  side 
tif  the  Gemmi  Pass,  in  the  Bernese  Oberland. 

The  scene  of  this  last  catastrophe  is  at  an  altitude  of  about  1950  m. 
(1)400  ft.)  above  sea-level,  nearly  midway  between  Kanderstag  and 
the  summit  of  the  Gemmi  Pass,  familiar  to  tourists  orossing  the 

'  Official  meosaremeBla  made  in  1893,  after  a  dr;  and  hot  summer,  ihowed  that 
ant  at  2S  glacieiv  in  Canton  Yalais  (Rhone  •alley),  14  bad  receded  3  to  28  metrea, 
i  had  remained  atatianary,  10  had  adTanced  2  to  30  metres,  and  oolf  one  (Zigicr 
(lidar,  Mont  CoUon  gronpj  had  adiauced  IDO  metres,  or  atraut  lit,  pel  day. 
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Aare  and  Bhone  divide  by  the  Sander  valley  and  the  Baths  of 
Louche. 

As  is  seen  from  the  plan,  Fig.  1,  three  glaciers  descend  from  the 
summit  of  Altels,  3636  m.  (11,926  ft.)  above  sea-level — one  in 
a  northerly,  another  in  a  south-westerly,  and  a  third,  the  middle 
one,  in  a  north-westerly  direction.  It  is  this  last,  a  so-called 
suspended  or  overhanging  glacier,  which,  about  5  a.m.  on  the  11th 
of  September,  detached  itself  from  the  upper  end  at  an  altitude  of 
3300  m.  (10,823  ft.),  or  about  1000  ft.  below  the  summit,  swept 
down  a  declivity  1400  metres  in  vertical  depth,  was  thrown  up 
400  m.  (1300  ft.)  to  the  summit  level  of  the  precipitous  mountain 
ridge  on  the  opposite  side  of  the  valley,  and  thence  rebounding, 
fell  on,  and  spread  in  fan-shape  over  a  rich  and  extensive  pasture 
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known  as  the  Spitalmatte,  which  is  now  buried  under  ice  and  rock 
debris  over  an  area  of  two  square  kilometres  (nearly  one  square 
mile)  to  an  average  depth  of  two  metres  or  6*6  ft.  The  disaster 
involves,  besides  the  ruin  of  the  valuable  Alpine  pasture  and  the 
destruction  of  several  chalets,  the  loss  of  six  lives  and  upwards  of 
150  head  of  cattle. 

The  cross-section  of  the  valley  (Fig.  2)  prepared  by  the  writer 
from  the  Swiss  Ordnance  Contour  Map,  1  in  50,000,  shows  the 
course  of  the  avalanche,  the  entire  distance  covered  by  the  latter, 
including  the  rebound,  being  about  five  kilometres  or  three  miles. 
As  is  seen  from  the  same  section,  the  angle  of  inclination  of  the 
glacier  itself  was  about  30  degrees,  that  of  the  declivity  immediately 
below  it  is  42  degrees,  while  the  upward  slope  of  the  Spitalmatte 
is  9  degrees,  and  the  inclination  of  the  Weissfluh  and  Gellihom 
ridge  is  no  less  than  58  degrees.  The  line  of  rupture  of  the  glacier 
below  the  summit  of  Altels  is  distinctly  visible  in  the  shape  of  an 
ice- wall  about  40  m.  (130ft.)  in  depth,  having  the  form  of  a  concave 
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enrre,  while  tbe  opposite  mountain  ridge  bears,  up  to  its  crest-line, 
namerooB  traces  of  the  avalanche  having  been  dashed  against  it  and 
hurled  up  to  its  summit  level. 

Tbe  remarkable  features  of  this  ioe-avalanobe,  and  the  conclusions 
which  I  have  drawn  from  them,  may  be  summed  up  as  follows : — 

1.  The  rupture  of  the  glacier  appears  to  have  been  produced 
by  two  separate  cross-rents,  which,  during  the  hot  and  dry  summer, 
extended  and  finally  joined.  The  altered  condition  and  appearance 
of  the  glacier  was  noticed  from  a  distance  the  day  before  the  ice« 
avalanche.  The  lower  part  of  the  glacier  was  probably  set  in 
motion  by  the  unusually  rapid  melting  of  the  ice  due  to  the  hot 
southerly  wind  (Foehn)  which  blew  during  the  night.  The  disaster 
was  thus  produced  essentially  by  meteorological  causes. 

2.  In  its  descent  from  Altels,  the  avalanche  crashed  through,  and 
carried  bodily  along  with  it,  an  extensive  plantation,  a  fact  which 
shows  once  more,  if  proof  wei*e  wanted,  that  forest  plantations  are 
DO  effectual  protection  against  avalanches. 

3.  llie  avalanche,  in  its  descent,  completely  cleared  the 
Schwartsbach  torrent,  which  shows  that  it  moved  practically  as  a 
solid  mans.  Moreover,  in  its  rebound  from  the  opposite  mountain 
ridge,  and  in  its  fall  on  the  Spitalmatte,  it  buried  the  Gemmi  bridle- 
path, but  stopped  short  of  the  torrent,  thereby  fortunately  preventing 
the  formation  of  a  temporary  lake  which  would  have  endangered  the 
Kander  valley  below. 

4.  The  prodigious  velocity  of  the  avalanche  and  the  pressure  of 
the  column  of  air  displaced  by,  and  pushed  in  front  of  it,  are  attested 
by  a  distinct  blast-zone  of  debris,  such  as  the  remains  of  chalets, 
human  bodies,  cattle,  etc.,  blown  to  a  considerable  height  and 
distance. 

5.  The  volume  of  the  detached  glacier  and  rock  debris,  about 
100,000  square  metres  and  40  metres  in  average  depth,  is  about  four 
million  cubic  metres  or  tons,  which  estimate  agrees  pretty  accurately 
with  the  volume  of  debris  deposited  on  the  Spitalmatte,  viz.  about 
two  square  kilometres  to  a  depth  of  two  metres.  If  we  consider  the 
avalanche  as  a  moving  mass  possessing  momentum^  its  kinetic  energy 
is  given  by  tbe  formula — 

i  m  r',  in  which  r'  =  2^A;  orr=  V2  gh  ;  and  m  =  -  ^o  ~~ 

The  mean  depth  of  fall  (h),  measured  vertically,  being  3000— 1900m. 
sllOOm.,  the  kinetic  energy  was 4400  million  metre-tons.  Assum- 
ing that  half  of  this  energy  was  expended  in  overcoming  the  various 
resistances  in  tbe  descent,  the  remainder  was  still  more  than  ample 
to  raise  the  mass  to  a  height  of  400  metres  on  the  other  side  of  the 
valley. 

6.  The  velocity  of  the  fall,  measured  vertically,  and  without  taking 
into  account  the  various  retarding  resistances,  works  out  148  m. 
(485  ft.)  per  second,  and  that  of  the  rise  90  m.  (295  ft.)  per  second. 
Bence  the  avalanche,  in  falling,  covered  a  distance  of  three  kilometres 
(on  an  incline  of  42  deg.,  or  about  1  in  1)  in  20  seconds  ;  in  rising, 
a  distance  of  one  kilometre  in  10  seconds ;  and  in  rebounding,  also 
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one  kilometre  in  10  seoonds  :  total  about  40  Beoonds.  If  to  this  we 
add  50  |>er  cent  for  the  various  retarding  resistances,  the  estimated 
time  within  which  the  ice-avalanche  did  its  work  of  destruction  is 
not  more  than  one  minute. 

It  is  a  singular  coincidence  that  a  similar  ice-avalanche  occurred 
at  the  same  spot  over  100  years  ago,  on  the  18th  August,  1782. 
As  in  the  year  1895,  so  also  in  the  year  1782,  great  heat  prevailed 
in  the  months  of  June,  July,  and  August,  and  the  rupture  of  the 
glacier  was  therefore  in  both  cases  due  essentially  to  meteorological 
causes.^  The  present  disaster  falls  short  of  the  rock-fall  of  Elm  (in 
the  Glarus  Alps)  which  occurred  in  1881  on  the  same  day,  the  11th 
September,  and  caused  the  loss  of  114  lives  and  79  buildings,  the 
volume  of  the  d6bris  being  about  double  that  of  the  Altels  ice- 
avalanche.  It  also  falls  short  of  the  ice-avalanche  which  destroyed 
the  village  of  Randa  in  the  Visp  valley  in  the  year  1819,  the  volume 
of  glacier  d6bris  being  in  that  case  nearly  four  times  that  of  the 
Altels  avalanche.  Still,  the  magnitude  of  the  latter,  and  the  scale 
on  which  Nature  works  in  the  Alps,  may  be  gathered  from  the  fact 
that  the  detached  glacier  swept  down  a  declivity  whose  vertical 
height  is  thirteen  times  that  of  St.  PauFs  Cathedral  (365  feet) ;  that 
it  was  then  hurled  up  to  a  height  four  times  the  elevati(m  of  that 
building ;  and  that  the  volume  of  its  debris  under  which  the  Alpine 
pasture  is  now  buried,  would  suffice  to  cover  to  a  depth  of  three 
feet  the  combined  area  (about  1000  acres)  of  Hegent's  Park,  Hyde 
Park,  and  Kensington  Gardens. 


III. — On  the  Physical  Conditions  under  which  the  Old  Red 
Sandstone   of   Scotland   was   Deposited. 

By  Petbk  Macnair  and  Jambs  Rbid. 

I.  Introduction. 

THE  physical  conditions  under  which  the  Old  Red  Sandstone  of 
Scotland  was  formed  is  a  subject  that  has  long  occupied  the 
attention  of  many  of  our  leading  geologists,  from  the  time  of  Hugh 
Miller  and  Sir  Roderick  Murchison  down  to  those  of  the  present  day. 
It  has  been  variously  regarded  as  of  fresh-water  and  marine  origin, 
as  having  been  thrown  down  in  lakes  and  in  the  open  sea,  or  in 
inlets  of  the  latter.  But  as  yet  the  whole  matter  seems  to  remain 
an  open  question,  which  the  unique  physical  and  palseontological 
elements  of  the  formation  make  difficult  of  solution. 

This  contribution  to  the  controversy  does  not  attempt  to  untie  the 
Gordian  knot,  but  is  simply  to  show  that  much  of  the  evidence 
freely  assumed  to  be  in  favour  of  a  fresh-water  and  lake  origin  for 
these  deposits  may  or  may  not  admit  of  proof,  while  on  the  other 

^  The  precise  date  of  the  ayalanche  of  1782  is  fixed  by  a  public  document,  which 
was  discovered  through  the  efforts  of  Prof.  Forel,  of  Morges,  in  the  archives  of 
Lou^che,  and  enumerates  the  loss  of  life  and  property  sustained  on  that  occasion : 
**per  terribilem  et  stupendam  de  summitate  montis  prolapsam  glaciei  quantitatem.*' 
On  that  occasion  four  men,  who  were  crossing  the  Spitalmatte  on  their  way  home, 
and  ninety  cattle,  were  killed. 
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band  the  evidence  wbioh  is  in  favour  of  ite  entire  extension  over 
Scotland,  and  of  its  marine  origin,  has  either  been  entirely  overlooked 
or  BO  minimized  as  not  to  be  taken  at  its  real  value. 

The  first  discoverers  and  workers  amongst  these  rocks,  Hugh 
Miller  and  Sir  Koderick  Murchison,  firmly  believed  in  its  marine 
origin,  and  though  Hugh  Miller  was  not  so  much  of  a  stratigrapher 
18  a  palaeontologist,  yet  he  clearly  realized  the  fact  that  the  Old  lied 
Sandstone  must  have  at  one  time  oovered  the  whole  of  the  Scottish 
Highlands,  as  in  his  ''  Old  Ked  Sandstone"^  he  speaks  of  a  sea  that 
extended  from  Ben  Lomond  to  the  maiden  paps  of  Caithness.  Sir 
Koderick  Murchison,  on  the  other  hand,  entered  into  a  detailed  study 
of  its  Btratigraphical  and  physical  structure  and  relationship,  and  it 
is  mainly  to  his  views  we  are  persuaded  the  students  of  the  Old  Red 
Sandstone  rocks  of  Scotland  must  finally  return. 

Stratigraphically,  Murchison  divided  the  Old  Red  Sandstone  rocks 
of  Scotland  into  three  members — the  upper,  the  middle,  and  the 
lower,  each  characterized  by  a  distinctive  fauna  : — the  lower  group, 
as  seen  in  Scotland,  being  principally  developed  in  Forfarshire 
and  Perthshire,  and  characterized  by  Cephala»pi8  and  Fterygotus; 
the  middle  group,  seen  in  Caithness,  and  containing  Dipterus, 
OBieolepiSy  etc. ;  while  the  third  or  upper  group,  well  developed  in 
Dura  Den,  and  containing  Holoptychius  and  other  characteristic 
forms,  passes  up  conformably  into  the  basement  beds  of  the  Carbon- 
iferous formation,  there  being  always  a  decided  break  between  the 
upper  member  and  all  the  older  rocks.  He  also  correlated  the  Scottish 
Old  Red  Sandstone  with  its  deep-water  equivalent,  the  Devonian 
of  England  and  Russia,  pointing  out  that  in  the  latter  country  the 
Devonian  rocks  containing  marine  shells  were  also  inter^tratified 
with  red  sandstones,  in  which  no  shells  were  found,  but  which  were 
replete  with  the  piscine  fauna  common  to  the  Scottish  rocks. 

Latterly,  however,  and  principally  through  the  work  of  Godwin- 
Austen,  Ramsay,  and  more  particularly  Sir  Archibald  Geikie,^  the 
Old  Red  Sandutone  of  Scotland  came  to  be  looked  upon  as  a  fresh- 
water deposit  accumulated  in  isolated  bauins.  The  researches  of 
the  two  first  writers  were  principally  directed  to  the  petrological 
characters  of  the  rocks.  The  latter  was  the  first  to  isolate  the 
Scottish  areas  of  Old  Red  Sandstone  into  separate  basins  of  deposit, 
with  the  distinctive  names  Lake  Orcadie,  Lake  Caledonia,  Lake 
Lome,  and  Lake  Cheviot.  He  believes  they  were  all  contemporaneous, 
doing  away  with  the  existence  of  the  Caithness  rocks  as  a  middle 
group,  and  explaining  the  discrepancy  of  their  fossil  contents  on 
the  grounds  that  they  are  no  greater  than  those  of  contiguous 
fresh- water  basins  at  the  present  day.  In  his  '*  Scenery  of  Scotland '' 
he  also  presents  some  of  the  physical  problems  connected  with  the 
Old  Red  Sandstone ;  consequently  it  is  mainly  to  the  statements  of 
Sir  Archibald  Geikie  we  now  propose  to  revert,  as  being  the 
principal  authority  for  the  isolated  lake  and  fresh-water  origin  of 

*  *'  Old  Red  Sandstone/'  7th  edition,  p.  53. 

*  See  "The  Old    Bed   Sandstone  of  Western   Europe*'— Trans.  Roy.  Soc.  of 
Edinbnigh,  toL  xxvui  ;  and  '*  Text  Book  of  Geology.'' 
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these  deposits.  We  propose  to  disoass  the  Tarious  points  in  the 
following  order :  first,  the  early  Paladossoio  mountain  chain,  in 
which  we  will  give  a  resume  of  what  is  known  of  that  old  continent 
upon  which  the  later  Palaeozoic  rocks  were  deposited  as  a  nucleus ; 
second,  we  will  consider  the  general,  physical,  and  strat {graphical 
evidence  in  favour  of  the  marine  and  continuously  ascending  order 
of  these  deposits  in  Scotland  through  a  lower,  middle,  and  upper 
series.  Under  the  division  of  the  petrological  consideration  we  will 
discuss  those  questions  relating  to  the  conditions  under  which  these 
rocks  were  deposited,  the  almost  univei'sal  presence  of  peroxide  of 
iron  in  the  rocks  and  their  consequent  barrenness  of  molluscan 
remains,  and  finally  the  palseontological  evidence  in  favour  of 
&  marine  origin  for  the  organisms  found  in  these  deposits.  .  We 
also  in  the  course  of  the  paper  propose  to  show  the  ''  Character  of 
the  Strata"  is  entirely  against  its  supposed  deposition  in  small 
inland  fresh-water  lakes ;  that  the  absence  of  unequivocally  marine 
fossils  is  not  so  complete  as  supposed,  neither  is  it  fatal  to  their 
marine  origin ;  that  land  plants  occur  freely  in  undoubted  marine 
strata ;  and  that  the  existence  of  the  representatives  of  ganoid  fishes 
in  the  rivers  and  lakes  of  the  present  day  is  entirely  out  of  evidence 
when  we  consider  the  immense  number  of  these  fossil  fishes  found 
in  undoubted  marine  deposits  both  in  England  and  Russia,  and  of 
their  wide  distribution  over  the  continents  of  Europe  and  America. 

II.  Ths  Eablt  Palaozoio  Mountain  Chain. 

Before  passing  on  to  discuss  the  physical,  petrological,  and  palse* 
ontological  evidence  in  favour  of  a  manne  origin  for  the  Old  Red 
Sandstone  of  Scotland,  it  would  be  here  useful  to  give  a  brief 
recapitulation  of  the  physical  conditions  of  our  country  prior  to 
the  deposition  of  these  later  Palsdozoic  deposits.  It  is  generally 
believed  that  in  early  Palseozoic  time  the  main  land  mass  must  have 
lain  somewhat  to  the  north-west  of  the  present  continent  of  Europe, 
and  may  have  partly  existed  in  what  is  now  the  deep  basin  of  the 
Atlantia  The  old  Archaean  gneiss  of  the  islands  and  northei-n 
Highlands  seems  to  represent  part  of  the  primitive  core  round 
which  the  later  Palasozoic  rocks  were  accumulated.  We  do  not  now 
propose  to  discuss  these  early  Palaeozoic  rocks,  but  to  us  those 
massive  red  sandstones  and  congloraerHtes  of  Loch  Torridon  only 
shadow  forth  the  same  physical  processes  that  were  at  work  in  the 
still  later  Old  Red  Sandstone  age ;  lying  as  they  do  upon  the  older 
Archaean  rocks,  they  are  the  undoubted  littoral  accumulations  along 
that  ancient  coast-line  which  are  invariably  seen  to  accompany 
a  great  period  of  mountain-building,  indicating  that  a  rapid  process 
of  subaerial  denudation  must  have  been  at  work  in  the  higher 
regions,  the  detritus  being  swept  out  through  the  old  river  courses 
and  subsequently  rearranged  along  the  shore  line  by  the  action  of  the 
sea.  But  to  this  point  we  propose  to  return  later  on.  Immediately 
on  the  top  of  these  Torridon  sandstones  and  conglomerates,  and 
separated  by  a  strong  unconformability,  we  find  a  great  series  of 
metamorphosed  rocks  of  Cambrian,  Ordovician,  and  Silurian  age, 
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forming  the  main  mass  of  the  Soottiah  Highlands.  In  the  inter* 
vening  period  which  elapsed  between  the  deposition  of  the  lowest 
member  of  this  group  and  the  highest,  the  whole  series  of  beds 
were  subjected  to  a  great  process  of  upheaval  into  a  mountain 
ehain  of  elevation.  It  seems  to  have  received  its  maximum  of 
oormgation  and  plication  in  that  difficult  and  complex  area  in  the 
north- west  of  Sutherlandshire.  Receding  to  the  south-east  we  find 
the  carving  of  the  beds  become  more  and  more  gentle  till  they 
rpach  the  comparatively  unaltered  rocks  of  the  southern  uplan<)s. 
The  great  mass  of  this  mountain  chain,  then,  must  have  lain  to  the 
north-west  of  the  present  Old  Red  Sandstone  area,  and  we  now 
proceed  to  show  how  after  this  long  period  of  upheaval  the 
mountain  mass  once  more  began  to  sink  below  the  level  of  the  sea, 
and  that  gradually  the  waters  of  the  Old  Red  Sandstone  sea 
levelled  it  down  to  the  very  core. 

III.  Physical  and  Stratigbaphioal  Considkbattons. 

We  now  pass  on  to  notice  some  of  the  physical  and  stratigraphical 
aspects  of  the  matter.  A  consideration  of  t  he  deposits  lying  immediately 
upon  the  metamorphosed  rocks  which  then  formed  land  leads  us  to 
the  conclusion  that  the  whole  of  this  continental  area  must  have  been 
in  a  gradually  sinking  condition,  and  that  these  huge  masses  of  con- 
p^lomerate,  lying  at  the  local  base  of  the  Lower  Old  Red  Sandstone  . 
wherever  the  latter  is  exposed,  point  unmistakably  to  the  existence 
of  a  great  series  of  unstable  sea  margins,  slowly  creeping  back- 
wards upon  the  main  mass  of  the  gradually  sinking  land.  Along 
the  flanks  of  the  Grampians,  and  now  exposed  by  a  powerful  fault, 
we  have  a  great  mass  of  conglomerate,  consisting  in  some  cases  of 
boulders  nearly  six  feet  long.  The  conglomerates  range  across  the 
ooimtry  from  shore  to  shore  ;  in  some  cases  north  of  the  line  of  fault 
we  have  these  conglomerates  still  occupying  their  normal  position 
upon  the  older  schists  and  grits.  If  the  effect  of  this  fault  were 
undone,  and  these  conglomerates  were  raised  to  their  original 
position,  they  would  stretch  far  over  the  Grampians  along  with  the 
higher  deposits  of  sandstones  and  their  fish  remains,  which  now 
occupy  the  central  valley  of  Strathraore.  The  following  diagram, 
drawn  to  scale,  will  show  this  very  clearly  (see  p.  110). 

The  dark  part  of  the  section  to  the  north  represents  the  present 
elevation  of  the  Highlands  above  the  level  of  the  sea  drawn  to  scale, 
and  culminating  in  Ben  Muich  Dhui.  To  the  south  of  the  line  of 
fikult  are  shown  the  massive  beds  of  Old  Red  Sandstone  con- 
glomerates dipping  at  high  angles  to  the  south-east,  and  estimated 
to  be  about  20,000  feet  in  thickness,  about  four  times  the  present 
height  of  Ben  Muich  Dhui.  At  the  point  A^  immediately  to  the 
north  of  the  line  of  fault,  and  resting  directly  upon  the  old 
crystalline  schists,  are  often  to  be  found  patehes  of  the  basal  con- 
glomerate of  the  Lower  Old  Red  Sandstone  still  occupying  its 
normal  and  unaltered  position,  so  that  if  the  effect  of  the  great  fault 
were  nndone,  and  the  whole  Old  Red  Sandstone  deposits  of  Strath- 
moie  were  upraised  to  their  original  position,  they  would  overlook 
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the  Highland  area  to  an  altitude  of  four  times  its  present  highest 
elevation.  Of  course  we  do  not  mean  to  say  that  the  Highlands 
have  not  suffered  any  denudation  sinoe  its  mantle  of  Old  Red  Sand* 
stone  rooks  was  swept  from  it ;  hut  what  we  do  mean  to  maintain 
is.  that  supposing  the  original  mountain  chain  was  as  high  as  the 
present  Alps,  still  these  deposits  would  have  swept  over  it  and 
united  the  so-called  basins  of  Lake  Oroadie  and  Lake  Caledonia. 
It  is  impossible  to  seriously  consider  the  idea  that  these  basins  con* 
tinned  to  sink  part  passu  with  the  deposition  of  their  sediments,  the 
narrowness  of  the  ridge  separating  them  entirely  precluding  the 
idea,  as  the  liottom  beds  would  be  contorted  and  folded  long  before 
the  upper  beds  of  the  20,000  feet  of  sediment  were  laid  down, 
whereas  we  do  not  find  a  break  in  the  whole  series.  On  the  other 
hand,  it  would  be  nigh  impossible  to  ezdule  the  sea  from  such 
a  sinking  area  and  for  such  a  length  of  time.  As  if  to  make  their 
original  connection  quite  sure,  outliers  and  fragments  are  found  on 
the  ridge  of  crystalline  rooks,  as  at  Mealfourvonie  to  the  height  of 
2,284  feet,  at  Tomintoul  and  Rhynie,  right  on  what  must  have  been 


the  centre  of  the  ridge,  had  separate  basins  existed,  and  where 
there  could  have  been  no  deposits.  Sir  A.  Geikie^  accounts  for  these 
by  supposing  them  to  have  been  little  isolated  basins  or  arms  of  the 
lake  running  into  the  separating  ridge.  But  this  method  of 
argument  is  exceedingly  specious ;  it  would  be  much  more  scientific 
to  consider  them  as  outliers  of  a  great  deposit  that  once  covered  the 
Highlands,  the  remainder  of  which  has  now  been  entirely  swept 
away.  Again,  in  Caithness  there  are  many  evidences  of  the 
denudation  of  these  basal  conglomerates  from  the  surface  of  the 
old  marine  plain  upon  which  they  were  laid  down.  In  Ben 
Gnam  the  conglomerates  cap  the  top  of  a  mountain  1,936  feet 
above  the  sea-level ;  the  conglomerate  is  exceedingly  coarse,  some- 
times the  boulders  being  two  feet  in  length,  the  total  depth  of  the 
sandstone  formation  on  this  mountain  being  estimated  by  G^ikie  at 
1.000  feet.  Another  instance  is  mentioned  by  Sir  A.  Geikie*  in  his 
Memoir  on  the  Old  Red  Sandstone  of  Western  Europe,  where  he 
says  he  was  informed  by  Mr.  Crawford,  Tongue  House,  that  on 
Ben  Armunin,  a  mountain  rising  to  a  height  of  2,338  feet,  in  the 
heart  of  Eastern  Sutherlandshire,  conglomerate  occurs.      There  can 

1  **  Scenery  of  Scotland,"  2nd  edition,  p.  141. 

'  Trans.  Roy.  Soc.  of  Edinburgh,  vol.  xxviii,  p.  383. 
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be  little  doubt,  as  tbe  older  geologists  believed,  tbat  the  whole  of 
the  Highlands  of  Sootland  were  at  one  time  covered  with  a  vast 
thickness  of  Old  Bed  Sandstone  rooks.     The  period  at  which  this 
denuding  process  must  have  begun  would  of  course  be  subsequent 
to  the  metamorphism  of  the  lower  Palseozoic  rocks  themselves,  and 
was  probably  contemporaneous   with  the  deposition  of  the  higher 
members  of  the  Upper  Silurian  age.     That  this  is  so  is  evident  from 
the  manner  in  which  the  latter  pass  up  conformably  into  the  lower 
Old  Red  Sandstone  at  Leshmahagow,  in  Lanarkshire.     They  there 
contain   an  abundant  supply   of  Upper   Silurian   forms,   and  un- 
doubtedly go  to  prove  that  the  work  of  oarving  out  the  great  chain 
of  upheaved  and  metamorphosed  older  Palseozoic  rocks  had  already 
oommenoed  along  the  skirts  of  the  chain.     These  deposits  seem  to 
us  to  represent  somewhat  of  a  deep-water  aspect,  and  it  is  very 
probable  that  the  corresponding  littoral  deposits  of  conglomerate 
may  lie  somewhere  beneath  the  later  Carboniferous  formations  of  the 
midland  valley.     Along  the  northern  margin  of  the  midland  valley 
no  evidence  has  yet  been  found  of  the  Upper  Silurian  rocks  as  seen 
at  Leshmahagow,  though  some  of  the  basal  conglomerates  may  be 
upon  the  same  horizon,  representing  the  littoral   deposits   to   the 
north  of  the  Leshmahagow  beds  on  the  south.     The  occurrence  of 
Paehytheea  in  the  sandstones  at  Murthly  seems  to  indicate  that  the 
old  Upper  Silurian  flora  had  not  yet  passed  away  when  these  rocks 
were  deposited.     The  discrepancies  between  the  fossils  of  Lanark- 
shire and  Forfarshire  on  the   one  hand,  and   between   the   fossils 
of  Forfarshire  and  Caithness  on  tbe  other,  are  so  great   that  we 
are  driven  to  the  conclusion  that  tbe  three  must  represent  different 
horizons  of  a  gradually  ascending  and  overlapping  series  of  beds, 
each  marked   by  a  distinctive  fauna  and  flora,  and  also  by  strong 
lithological  dififerences.     Tbe  following  section  will  better  explain 
oar  position. 


Daring  Upper  Silurian  times,  the  mountain  chain  was  depressed 
as  far  as  the  point  marked  A,  these  deposits  being  now  shown 
passing  op  into  the  Old  Ked  Sandstone.  By  the  time  tbe  chain  bad 
been  depressed  as  far  as  B,  tbe  Silurian  types  bad  passed  away,  and 
were  now  represented  by  those  organisms  found  in  Forfarsliire. 
Finally,  tbe  whole  mountain  mass  was  so  far  depressed  as  to 
cover  the  entire  highland  area  as  seen  at  C,  when  tbe  Forfarshire 
types  had,  in  their  turn,  been  superseded  by  those  of  Caithness. 
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Subsequent  to  this,  the  midland  valley  was  depressed  between  the 
powerful  trough- faults ;  the  upturned  edges  at  the  south  showing 
Silurian  types,  and  to  the  north,  those  of  Old  Red  Sandstone 
times.  Had  these  rocks  been  deposited  in-  a  basin,  we  should 
have  expected  the  strata  to  be  more  or  less  homologous  on  each 
side  of  the  basin ;  but  this,  as  we  have  shown,  is  decidedly  not  the 
case.  Jukes-Browne,^  in  his  "  Building  of  the  British  Isles,"  makes 
some  very  pertinent  remarks  upon  this  subject  He  says :  **  From 
the  proofs  which  have  been  adduced  of  the  original  wide  extension 
of  the  Old  Red  Sandstone,  it  might  be  thought  that  the  three 
principal  basins  could  hardly  have  been  separate  lakes,  but  must 
have  been  inlets  proceeding  from  one  large  inland  sea,  the  greater 
part  of  which  lay  to  the  east  of  Scotland.*'  And,  indeed,  so  far  as 
the  stratigraphical -evidence  goes,  this  would  be  the  most  natural 
conclusion,  for  the  lithological  differences  between  the  strata  of 
the  several  basins  are  hardly  greater  than  the  differences  which 
exist  between  the  Lanark  and  Forfar  types  in  the  Caledonian  basin. 
The  palsdontological  differences  are,  however,  very  much  greater; 
the  piscine  fauna  of  the  Forfar  and  Caithness  flags  being  so  distinct, 
that  Sir  R.  Murchison  thought  they  could  not  be  of  the  same  age, 
and  was  led  to  suggest  that  the  Caithness  flags  formed  a  middle 
group  distinct  from  the  Lower  Old  Red,  and  of  younger  date  than 
the  flags  of  Arbroath,  in  Forfarshire.  Further  on,  he  says,  there  is 
less  evidence  for  regarding  the  Cheviot  basin  as  distinct  from  the 
Caledonian,  as  no  fish  have  yet  been  found  in  the  Cheviot  district, 
and  we  do  not  know  how  far  the  Lower  Old  Red  originally 
stretched  over  the  southern  uplands.  We  have  lately  been  examining 
the  Lome  basin,  and  nothing  will  persuade  us  that  it  is  other 
than  an  outlier  removed  and  preserved  from  the  main  mass  by  the 
effects  of  some  powerful  faulta.  The  presence  of  such  extremely 
large  boulders  in  its  massive  conglomerates  as  that  seen  in  the  base 
of  the  well-known  Dog-stone  of  Dunnply,  entirely  precludes  the 
possibility  of  its  being  formed  in  a  basin  only  a  few  miles  wide. 
The  stratigraphical  evidence  from  the  volcanic  phenomena  we  also 
consider  is  strongly  against  the  basin  origin  of  these  deposits;  for 
instance,  a  great  mass  of  volcanic  rock  forming  the  Sidlaws  and 
Ochil  hills  is  found  interbedded  with  the  sediments  of  the  so-called 
Lake  Caledonia  basin,  at  a  height  of  several  thousand  feet  above 
the  base.  Now  in  the  whole  of  the  16,000  feet  of  Lake  Oroadie 
this  volcanic  zone  is  entirely  absent,  which,  I  think,  points  to  the 
fact  that  these  two  basins  could  not  have  been  contemporaneous, 
for  had  that  been  so,  further  evidence  of  this  extensive  volcanic 
activity  would  have  been  found  in  Lake  Orcadie  when  we  consider 
the  narrowness  of  the  ridge  that  must  have  separated  the  two  basins. 
The  process  which  metamorphosed  and  plicated  these  lower 
Palsdozoic  rocks  into  a  true  mountain  chain  also  upheaved  them 
above  the  general  level  of  the  surrounding  sea,  when  they  im- 
mediately became  the  prey  of  the  subaerial  denuding  agents.  Then 
followed   a  long   and    intense    period    of    subaerial    and    marine 

1  *'  Building  of  the  British  Isles,"  p.  61. 
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daDudation,  commenoing  in  Upper  SiluriAn  times  and  lasting  all 
through  the  long  period  of  the  Lower  Oi<i  lied  Sandstone  age.  It  is 
evident  from  a  consideration  of  these  Upper  Silurian  and  Lower  Old 
Bed  Sandstone  deposits  that  the  old  Palaeozoic  mountain  chain  was 
gpnadually  sinking  along  its  flanks,  and  that  the  sea,  slowly 
advancing  upon  this  sinking  land,  laid  down  these  deposits,  the 
first  and  lowest  of  which  we  see  in  the  south  of  Lanarkshire,  and 
tlie  highest  and  latest  in  the  topmost  heds  of  the  Lower  Old  Red 
Sandstone  as  developed  in  Caithness.  It  has  generally  heen  believed 
that  all  the  stratigraphical  evidence  has  been  in  favour  of  these 
separate  areas  of  Old  Red  Sandstone  being  also  separate  basins  of 
deposit,  but  it  will  be  found  that  however  difficult  it  may  be  to 
explain  the  exact  condition  under  which  these  rocks  were  ac- 
camulated,  one  thing  is  certainly  evident,  and  that  is  that  they  were 
not  deposited  in  isolated  basins  as  maintained  by  God  win- Austen, 
Bamsay,  and  Geikie. 

In  Sir  Archibald  Geikie's  "  Scenery  of  Scotland  "  *  will  be  found 
the  most  detailed  work  that  has  yet  been  done  with  regard  to  the 
physical  evolution  of  our  country,  the  opinions  contained  in  it 
being  those  generally  accepted  and  followed  by  present-day 
geologists.  Referring  to  the  second  edition  of  that  work  at  p.  137 
on  the  chapter  dealing  with  the  tableland  of  the  Highlands,  he  says  : 
^The  long  flat  surfaces  of  the  Highland  ridges  cut  across  the  edges 
of  the  vertical  strata  mark,  I  believe,  fragments  of  a  former  base 
level  of  erosion  ;  in  other  words,  they  represent  the  general  sub- 
marine  level    to   whioh   the   Highland   region    was   reduced  after 

protracted  exposure  to  subaerial  and  marine  denudation 

And  in  this  rolling  plain  we  KJiould  find  a  restoration  of  the  bottom 
of  a  very  ancient  sea."  Ho  further  goes  on  to  say  :  "  The  first  fact 
which  a  study  of  the  topographical  features  and  geological  structure 
of  the  Highlands  esUibliHhes  is,  that  the  ancient  land  formed  after 
the  stupendous  movements  that  gave  the  rocks  of  the  region 
their  present  character  was  worn  down  by  prolonged  denu- 
dation. Its  mountains  were  levelled,  its  valleys  were  planed  down, 
and  finally  the  region  was  reduced  to  a  base  level  of  erosion  beneath 
the  waves  either  of  a  group  of  great  lakes  or  of  the  sea." 

Let  us  now  examine  more  carefully,  and  in  greater  detail,  these 
statements  of  Sir  Archibald  Geikie.  The  latter  part  of  the  para- 
graph just  quoted  seems  to  us  to  indicate  in  a  few  words  the  rather 
indefinite  idea  which  Sir  Archibald  Geikie  gives  in  his  ''Geology 
and  Scenery  of  Scotland  "  of  one  of  the  most  important  points  in  the 
physical  evolution  of  our  country.  He  says  that  the  old  crystal- 
line or  metamorphosed  Lower  Silurians  were  reduced  to  a  base- 
level  of  erosion,  beneath  the  waves,  either  of  a  group  of  great 
lakes  or  of  the  sea.  Sometimes  in  the  course  of  this  chapter,  we 
Would  think  it  was  the  sea.  For  instance,  as  in  the  sentence  just 
qnote<l,  where  he  says,  **In  this  rolling  plain  we  should  find  a 
restoration   of  the  bottom  of  a  very  ancient  sea."     Again,  in  a  few 

*  *'  Scenery  of  Scotland,"  Ist  and  2nd  editions,  under  the  heading  *  Tableland  of 
the  Highlands.' 
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Bentenoes  previous  to  this,  he  says  they  represent  the  general 
submarine  level  to  which  the  Highland  region  was  reduced.  Once 
more,  as  before  quoted,  he  does  not  seem  to  be  very  sure  as  to 
whether  this  base- level  of  erosion  was  the  action  of  a  group  of 
lakes  or  of  the  sea.  In  trying  to  fix  the  geological  date  of  this 
vast  denudation,  he  says  that  it  must  have  been  accomplished 
between  the  time  of  the  Lower  Silurian  and  that  of  the  Lower  Old 
Red  Sandstone  system.  Probably  the  waste  began  in  the  Lower 
Silurian  period  and  continued  during  the  vast  series  of  ages  that 
extended  into  the  period  of  the  Old  Red  Sandstone.  Here  again, 
we  would  think  he  was  referring  this  immense  denudation  to  the 
group  of  fresh- water  lakes,  as  he  refers  to  it  as  being  continued 
during  the  vast  series  of  ages  that  extended  into  the  period  of 
the  Old  Red  Sandstone. 

We  must  confess  to  having  a  great  difficulty  in  following  Sir 
A.  Qeikie*s  description  of  the  succession  of  physical  events  that 
took  place  immediately  after  the  plication  and  upheaval  of  the  old 
Palsdozoic  mountain  chain.  But  we  think  the  following  may  be 
taken  as  a  fair  representation  of  his  meaning — That  after  the 
plication  and  metamorphism  of  the  crystalline  rocks  of  the  High- 
lands, the  whole  mass  was  reduced  to  a  plain  of  marine  denudation 
by  a  sea  which  has  left  no  traces  whatever  of  this  immense  denuda- 
tion in  the  sliape  of  later  deposits,  and  that  afterwards  this  plain  of 
marine  denudation  was  depressed  into  regions  occupied  by  fresh- 
water lakes  which,  creeping  backwards,  threw  down  the  deposits 
now  known  as  the  Lower  Old  Red  Sandstone  formation.  Qenerally 
speaking,  the  whole  tenour  of  the  chapter  dealing  with  the  tableland 
of  the  Highlands  seems  to  indicate  that  an  extensive  marine  denuda- 
tion reduced  the  massive  mountain  chain  of  the  Highlands  to  a  base- 
level  of  erosion  altogether  distinct  from  the  later  denudation  which 
threw  down  the  massive  conglomerates  of  the  Old  Red  Sandstones 
with  its  20.000  feet  of  sandstones  and  shales. 

Now  we  would  maintain  that  this  first  marine  denudation,  which 
levelled  down  the  old  Palaaozoic  mountain  chain,  was  identical  with 
the  deposition  of  the  Upper  Silurian  and  Lower  Old  Red  Sandstone 
rocks,  pointing  out  that,  though  Sir  Archibald  Geikie  believes  that 
it  was  the  sea  which  levelled  down  the  old  continent,  he  cannot 
show  us  anywhere  the  remains  of  this  immense  denudation,  all  the 
later  rocks  lying  upon  it  being  of  Old  Red  Sandstone  age,  and 
consequently  having  a  fresh-water  origin.  Further,  we  cannot  see 
how,  if  the  whole  land  surface  were  reduced  to  a  level  plain 
first  by  marine  denudation,  this  plain  could  be  now  preserved, 
seeing  that  subsequently  it  was  ridged  up  into  isolated  basins  to 
hold  the  fresh -water  lakes.  It  is  evident,  then,  that  Ramsay,  Geikie, 
aud  their  followers  distinctly  recognize  two  periods  of  denudation 
after  the  plication  of  the  Lower  Silurian  rocks  into  a  mountain 
chain.  The  first  period  of  denudation  cut  down  this  mountain 
chain  to  a  dead  level  of  erosion,  called  by  them  a  plain  of  marine 
denudation,  which  was  produced  by  the  action  of  the  sea.  This 
period,  however,  strange  to  say,  seems  to  have  left  no  tracea  behind 
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in  the  shape  of  marine  deposits,  for  immediately  resting  upon  this 
ancient  plain,  wherever  it  has  been  preserved,  we  have  the  great 
basal  oonglomerates  of  the  Old  Red  Sandstone,  which  they  all  agree 
in  referring  to  a  lake  or  fresh*  water  origin. 

The  amonnt  of  misconception  that  exists  as  to  the  succession  of 
events  after  the  plication  of  these  early  Palseozoic  rocks  is  indeed 
wonderful,  and  may  be  traced  principally  to  these  theories  of  the 
physical  and  geological  development  of  our  country  given  in 
Sir  A.  Qeikie's  *•  Scenery  of  Scotland,"  the  following  being  a  very 
fair  example.  Prof.  Davis,^  of  Harvard  University,  in  a  paper  on  the 
rivers  of  England  contributed  recently  to  the  Royal  Geographical 
Society's  Magazine,  speaking  of  the  marine  plain  of  denudation, 
as  described  in  the  aforementioned  work,  says :  "  Although  perhaps 
not  absolutely  stated,  it  is  clearly  implied  that  it  was  Devonian 
erosion  by  which  the  once  low  and  comparatively  even  surface  of 
the  now  uplifted  and  dissected  Highlands  was  produced  ;  it  is 
plainly  manifest  that  Devonian  erosion  consumed  a  great  volume  of 
the  contorted  and  overthrust  rocks  of  the  Highlands:  witness  the 
great  volume  of  the  Devonian  strata  lying  unoonformably  upon  the 
Highland  rocks,  and  the  identity  of  the  Devonian  conglomerate 
pebbles  with  the  rocks  of  the  older  terranes.  It  may  indeed  be  well 
argued  from  Sir  A.  Geikie*s  essay  on  the  Old  Red  Sandstone  of 
Western  Europe  that  a  vast  denudation  was  accomplished  in  earlier 
times  than  the  Old  Red  Sandstone  period,  and  that  by  the  close  of 
that  period  the  Highland  region  must  have  been  truly  a  diminished 
lowland,  a  peneplain  of  small  area  and  moderate  relief."  This  is 
a  very  good  example  of  the  raisoonception  and  general  indefiniteness 
which  accompany  Sir  A.  Geikie's  description  of  the  physical  events 
following  the  plication  of  the  crystalline  rocks  of  the  Highlands,  for 
Prof.  Davis  speaks  of  Devonian  seas  having  cut  down  the  Highlands 
to  their  base-level,  and  of  conglomerates  belonging  to  that  age 
resting  upon  them,  and  then  of  Old  Red  Sandstone  conglomerates,  as 
if  there  were  two  distinct  sets  of  rocks  in  Scotland,  one  marine  and 
Devonian,  the  other  fresh-water  and  of  Old  Red  Sandstone  age.  Of 
coarse  the  error  is  quite  excusable  in  one  who  has  never  studied  the 
rocks  of  our  country,  but  only  read  of  them  in  the  **  Scenery  of 
Scotland." 

IV.     PiBTBOLOGICAL   AND    OthKR   OoNSIDBBATIONS. 

We  have  already  noticed  the  strong  similarity  between  the  oon- 
glomerates of  the  Torridon  Sandstones  and  those  of  the  later  Old 
Bed  Sandstone  rocks.  Both  of  them  show  evidence  of  glaciation, 
and,  as  has  recently  occurred  to  us,  this  may  be  connected  in  some 
way  with  the  fact  that  they  are  both  seen  to  follow  a  great  process 
of  mountain-building.  This  fact,  we  think,  would  indicate  that  the 
great  mountain  mass  had  been  upheaved  above  the  limit  of  the 
»now-line.  The  consequent  descent  of  glaciers  having  played  an 
important  part  in  contributing  their  morainic  debris  to  the  formation 
of  these  massive  conglomerates  now  lying  at  the  base  of  both  the 

^  Geographical  Society's  Journal  for  1895. 


116      P.  Macnair  Sf  J.  Reid—On  the  Old  Red  of  Scotland. 

Pre-Gambrian  and  Old  Bed  Sandstone  deposits,  their  origin  is  not, 
we  believe,  to  be  sought  for  in  any  lacustrine  deposit,  as  has  been 
maintained  by  Ramsay,  Geikie,  and  Hull.     They  are  rather  types 
of  a  great  series  of  shore  deposits  gradually  accumulating  along  the 
margin  of  a  slowly  sinking  continental  area,   which  in  its  upper 
regions  is  rapidly  undergoing  subaerial  denudation.      This  type  of 
deposit  it  not  uncommon  all  through  the  geological  scale,  and  to  it 
we  believe  the  Old  Bed  Sandstone  conglomerates  of  Scotland  belong. 
Prof.  Bonney'  makes  interesting  remarks  upon  this  point  in   bis 
address  to  the  British  Association  in  1886.      He  there  says  that 
"  Pebbles    indicate    the    action    of    the    waves    of    the    sea    or 
of   strong  currents,  marine  or  flnviatile."     Further  he  continues: 
"The  waves  of  lakes  have   also  some  rounding  e£fect,  but  this, 
except  in  the  case  of  very  large  lakes  such  as  Lake  Superior,  is  not 
important,  and  such  cases  are,  of  course,  not  of  common  occurrence.*' 
As  we  have  already  pointed  out,  the  massive  conglomerates  of  such 
a  small  basin  as  we  are  led  to  believe  Lake  Lome  must  have  been, 
and,  what  is  still  further  in  evidence,  the  much  smaller  basins  that 
are  alleged  to  have  existed  on  the  separating  ridge  between  Lake 
Caledonia  and  Lake  Orcadie,  entirely  preclude,  even  from  a  petro- 
logical  point  of  view  alone,  the  possibility  of  their  being  other  than 
outliers  from  the  main  mass.     The  whole  petrological  aspect  of  the 
Old  Bed  Sandstone  rocks,  as  seen  in  Scotland,  is,  of  course,  highly 
indicative  of  their  littoral  origin ;  the  entire  absence  of  any  of  the 
deeper  oceanic  types  of  sedimentation,  such  as  shales  and  limestone, 
also  oonfirming  this  view.     The  rocks  as  seen  in  Caithness,  Forfar- 
shire, and  Perthshire,  and  generally  in  the  valley  of  Strathmore, 
mainly   consist  of  great  beds   of  grey   and   red   sandstone,    with 
occasionally  local  deposits  of  conglomerate,  the  great  feature  of  the 
whole  being  their  characteristic  red  colour.     Now  we  think  that  this 
red  oolour,  due  to  the  presence  of  the  red  oxide  of  iron  in  the  rocks, 
cannot  be  fairly  claimed  as  an  argument  for  the  fresh- water  origin  of 
these  deposits.    Prof.  Gosselet  has  shown  that  in  the  Devonian  basin 
of  Dinant,  the  same  beds  are  in  one  part  red  and  barren  of  organic 
remains,  and  in  another  part  of  the   same   ai^ea  are  of  the  usual 
colour  and  are  full  of  marine  fossils.     With  Sir  Charles  LyelP  we 
ask  the  question.  Why  should  shells  and  corals  be  generally  wanting 
in  all  sedimentary  rocks,  the  colour  of  which  is  determined  by  the 
red  oxide  of  iron?  and  we  believe  that  the  answer  cannot  lie  in 
the  assertion  that  they  are  all  fresh- water  deposits,  seeing  that  even 
in  such  undoubted  marine  deposits  as  the  Devonian,  Carboniferous, 
and  Permian  formations,  it  is  common  in  the  ordinary  beds  to  find 
corals  and  shells,  while  those  coloured  with  peroxide  of  iron  are  en- 
tirely barren  of  organic  remains.    The  solution  of  the  problem  rather 
lies  in  the  fact  that  the  presence  of  peroxide  of  iron  in  these  rocks 
is  inimical  to   the  preservation  of  fossils  with  a  calcareous  test, 
and  that  more  especially  in  the  case  of  sandstones,  which  even  when 
composed  of  pure  silica  are  well  known  to  be  a  bad  medium  for  the 
preservation  of  molluscan  and  other  similar  organic  remains. 
^  BritiBh  Assoc.  Eeport,  1886.       *  <<  Elements  of  Geology,"  3rd  edition,  p.  435. 
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N0TX8  ON  THB  Evolution  of  thb  Qenxts  Chbjbubus, 
By  F.  R.  CowPBB  Rbbd,  M.A.,  F.6.S. 

THE  genus  Cheirurus  oflfers  an  interesting  study  in  evolution. 
Barrande,  in  his  monumental  work  on  the  Silurian  System  of 
Bohemia,'  drew  up  a  classification  of  the  genus  based  principally 
on  the  character  of  the  pleural  grooves.  Thus  he  divided  the  species 
into  two  sections — 

Section  I.  Pleural  groove  parallel  to  the  borders  and  slightly 
marked.     10-12  segmeuts  to  the  thorax. 

Section  IL  Pleural  groove  oblique  and  deep.  11  segments  to  the 
thorax. 

The  first  section  he  subdivided  into  three  groups  according  as  the 
Bpeoies  had  10,  11,  or  12  thoracic  segments.  The  second  section  he 
iplit  into  two  groups:  (1)  with  glabellar  side-furrows  not  united 
on  the  axis;  (2)  with  glabellar  side-furrows  united  on  the  axis. 
This  last  group  corresponds  with  Salter's  subgenus  Crotaloeephalua. 
Another  provisional  group  was  made  to  contain  several  forms  whose 
position  could  not  be  then  established. 

The  restriction  of  Section  I  to  the  Lower  Silurian  and  of  Section 
II  to  the  Upper  Silurian  and  Devonian  is  also  commented  on  by 
Barrande,  as  well  as  the  almost  complete  limitation  of  the  second 
group  of  Section  II  to  the  Devonian.  The  relationships  of  the 
various  species  are  also  minutely  discussed ;  and  on  plate  vi  of  the 
Atlas  there  is  given  the  complete  series  of  modifications  in  the 
pleursB  between  the  extreme  terms  represented  by  Ch,  claviger  of 
Section  I  and  Ch.  gibbua  of  Section  II. 

Schmidt '  has  more  recently  discussed  the  affinities  of  the  various 
species  and  divided  the  genus  into  two  sections,  the  first  of  which 
is  characterized  normally  by  the  possession  of  eleven  thoracic 
segments,  each  pleura  being  divided  by  a  constriction  into  an  inner 
and  an  outer  portion.  The  inner  portion  is  marked  by  a  longi- 
tudinal or  a  diagonal  furrow,  and  is  also  possessed  of  a  narrow 
articulating  band  along  its  anterior  and  posterior  borders,  which 
terminates  at  the  constriction  in  a  recurved,  swollen,  hook-like 
process.  A  similar  band  with  hook-like  process  is  found  on  each 
side  of  the  axial  portion  of  the  head-shield  along  its  posterior 
border.  To  this  section  belong  Cheirurus  {sens,  str,)  and  Cyrto- 
metopus.     These  two  forms  mark  two  groups. 

Group  1  of  this  section  of  Schniidt  consists  of  Cheirurus 
{sens,  sir.)  (type  Ch,  exsul,  Beyr.).  All  the  species  have  a  diagonal 
furrow  on  the  inner  portion  of  the  pleura,  and  the  outer  portion 
is  swollen  at  its  base.  The  marginal  furrows  of  the  head-shield 
are  always  distinct,  and  run  into  the  axal  furrows  without  inter- 
ruption; the  latter  diverge  more  or  less  in  front.      The  glabella 

*  Syst.  Silur.  BohSme,  vol.  i:  Trilobites  (1862),  p.  770;  and  Suppl.  to  vol.  i 
(1872). 

*  Revis.  d.  Ostbalt.  SUur.  Trilob.  18S1,  pt.  i,  p.  121. 
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is  almost  rectangular  or  slightly  wider  in  front,  and  the  side- 
furrows  are  distinct.  From  the  first  side-furrow  of  the  glabella 
a  prominent  ridge  runs  to  the  eye.  I'he  eye  is  for  the  most 
part  large,  situated  in  the  middle  of  the  cheek,  with  rounded 
triangular  eye-lobe  without  an  oblique  furrow  at  the  base.  The 
geiiai  angles  are  produced  into  long  horns. 

Group  2  consists  of  the  somewhat  heterogeneous  subgenus 
CyrtometopuB.  All  the  species  have  a  longitudinal  furrow  on  the 
inner  part  of  the  pleursB.  The  marginal  furrows  of  the  head- 
shield  do  not  run  into  the  axal  furrows,  or  only  pass  feebly 
over  the  anterior  wing  of  the  fixed  cheek.  ITiis  swollen  anterior 
wing  of  the  fixed  cheek  on  the  inner  side  of  the  anterior  branch 
of  the  facial  suture  is  an  important  feature.  The  shape  of  the 
glabella  varies  considerably :  thus,  in  Cyrto.  Plautini  (Schmidt) 
it  is  parallel -sided,  reminding  one  of  Cheirurus  (sens,  str,),  while  in 
Cyrto.  elavifrons  (Dalm.)  and  Cyrto,  affinis  (Ang.)  it  is  oval.  The 
side-furrows  of  the  glabella  are  always  distinct,  and  the  basal  lobe 
is  incompletely  circumscribed,  except  in  Cyrto.  pseudohemieranium 
(Nieszk.)  which  has  a  broad  and  deep  third  side-furrow  completely 
surrounding  the  basal  lobe.  This  species  also  has  an  almost  obsolete 
first  side-furrow  to  the  glabella. 

The  strange  subgenus  Spharocoryphe  (which  probably  ought  to 
take  generic  rank)  is  closely  linked  on  to  the  true  Cyrtometopus  by 
Cyrto.  paeudohemicranium  and  Cyrto.  aries  (Eichw.) ;  but  the  extra- 
ordinary inflation  of  the  anterior  position  of  the  glabella,  the  teeth 
on  the  lateral  margin  of  the  head-shield,  and  the  reduction  in  the 
number  of  the  thoracic  segments  (8-11?  but  commonly  9),  suffi- 
ciently distinguish  it 

Section  II  of  the  whole  genus  Cheirurus,  according  to  Schmidt, 
includes  three  subgenera — Nieszkowskia,  Fseudospharexochus,  and 
Eccoptocheile.  The  subgenus  Nieszkowskia  is  made  by  Schmidt  to 
receive  certain  species  which  had  been  placed  by  Nieszkowski  in  the 
genus  SpharexoehuSy  and  by  Angelin  in  Cyrtometopus.  N.  cepha- 
loceros  (Nieszk.  sp.)  may  be  taken  as  the  type. 

The  characters  common  to  the  whole  section  are  the  possession  of 
twelve  thoracic  segments;  the  absence  of  any  constriction  of  the 
pleursd,  so  that  they  lie  close  to  one  another  along  their  whole 
length ;  the  presence  of  a  longitudinal  row  of  puncta  ^  instead  of 
a  furrow  on  the  inner  portion  of  each  pleura;  the  presence  of  a 
narrow  articulating  band  on  the  anterior  border  of  the  inner  portion 
of  each  pleura ;  and  the  abrupt  termination  of  this  band  without 
a  hamate  process.  There  is  a  feeble  indication  of  this  band  on  the 
posterior  border  of  the  head-shield.  The  three  subgenera  form 
three  groups. 

Group  1  consists  of  the  subgenus  Nieszhowshia.  In  this  subgenus 
the  glabella  is  swollen  posteriorly,  and  often  passes  into  a  hump  or 
spine.  All  the  side-furrows  are  directed  backwards,  and  the  tliird 
side-furrow,  which  is  stronger  than  the  other  two,  runs  in  a  curve 
towards  the  neck-furrow,  but  does  not  reach  it  The  free  cheeks 
^  In  Jheudospharexoehu9  these  puncta  are  Teiy  faint  or  absent. 
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MB  triangular  and  small,  sinoe  the  posterior  branch  of  the  facial 
latnre  outs  the  outer  margin  far  forward.  Tiie  genal  angles  are 
pnMlnoed  into  long  divergent  horns.  Tlie  pleursB  have  a  weak 
fulorum,  and  while  the  inner  portion  has  a  longitudinal  row  of 
puncta,  the  enter  portion  is  smooth  and  produced  into  a  sword- 
shaped  point.  The  pygidiura  is  always  four- pointed,  and  the 
posterior  pair  of  points  is  embraced  by  the  larger  anterior  pair. 

Group  2  of  Section  II  is  formed  by  Paeudospharexochus,  the  type 
of  which  is  P,  hemicranium  (Eut.  sp.).  The  glabella  resembles  that 
of  Spharexochus ;  the  first  side- furrow  stands  almost  vertical  to  the 
axal  furrow;  the  third  side-furrow,  which  is  much  stronger  than 
the  two  first,  is  also  almost  veitical  to  the  axal  furrow  for  part  of  its 
length,  but  then  bends  back  and  becomes  weaker,  reaching  the  neck- 
furrow  only  as  a  faint  groove.  The  free  cheeks  are  large  and  form 
almost  the  whole  side  of  the  head-shield,  for  the  outer  limb  of  the 
facial  suture  cuts  the  margin  only  a  short  distance  before  the  genal 
iDgle.  (In  Sphierexochus  this  outer  limb  reaches  the  margin  at  the 
genal  angle.)  The  plenraa  have  a  distinct  fulcrum  ;  the  inner  part 
of  each  pleura  is  swollen,  and  possesses  either  an  almost  obsolete 
row  of  puncta  or  no  puncta  or  groove  at  all ;  the  outer  part  is  long 
and  oonically  pointed.  The  pygidium  has  four  pairs  of  pleuras  with 
free  pointed  ends. 

Eceoptoeheile  is  not  described  by  Schmidt,  since  it  does  not  occur 
in  the  Silurian  of  the  East  Baltic  provinces;  but  he  alludes  to  the 
English  species  E,  Sedgwicki  (M*Coy)  as  belonging  to  this  section. 

The  earliest  type  of  Cheirurus  in  Britain  occurs  in  the  Upper 
Tremadoc  of  Portmadoc,  and  was  placed  by  Salter  in  the  subgenus 
Eeeopiocheile.  This  species  [CA.  (E.)  Frtderici,  Salter],  though 
undoubtedly  closely  allied  to  the  members  of  Section  II  in  Schmidt's 
classification,  yet  shows  some  important  points  of  difference  to  the 
typical  Eeeopiocheile,  The  Tremadoc  form  has  eleven  or  twelve^ 
thoracic  segments,  each  of  which  is  deeply  grooved  along  its  middle 
almost  to  its  free  end.  There  is  no  row  of  puncta  in  the  groove. 
The  great  length  of  the  groove,  the  absence  of  puncta  in  it,  the 
loosely-built  structure  of  the  thorax,  and  the  close  similarity  of  the 
pygidial  to  the  thoracic  segments,  look  like  primitive  characters. 
1  am  inclined  to  think  that  this  species  is  sufficiently  distinct  from 
the  typical  Eeeopiocheile  to  warrant  the  creation  of  a  new  subgeuuM 
for  its  reception.     This  subgenus  may  be  termed  Anacheirurua.^ 

llie  next  species  as  we  ascend  the  strati  graphical  series  is  Ch. 
(Eceopto,)  peciinatvB  (Salter  MS.),  of  the  Lower  Llaudeilo  or  Arenig 
of  Shelve ;  the  only  specimens  with  which  I  am  acquainted  are  in 
the  MuKeum  of  Practical  Geology,  Jermyn  Street,  and  no  description 
of  its  characters  has  been  published.     It  seems  closely  allied  to  the 

'  The  type  specinieiifl  on  which  the  species  was  founded  are  not  sufficiently  well 
presenred  tor  one  to  he  sure  of  the  number  of  segments — a  point  Salter  notices. 

*  The  pygidium  with  seven  segments  ascrib^  to  this  species  (Salter,  Mon.  Brit. 
Trilob.  Pal.  Soc,  pi.  ▼,  fig.  21,  p.  76)  probably  belongs  to  a  distinct  species,  or  even 
nbgenufl ;  but  oar  ignorance  of  the  other  par1»  of  the  trilobite  to  which  it  belonged 
prevents  ui  coming  to  a  decision  about  its  exact  position. 
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better  known  Eeeoptocheile  Sedgmchi  (M'Coy),  which  oooars  in  the 
Upper  Llandeilo  of  Wales.  The  latter  species  shows  on  each  of  its 
twelve  thoracic  pleur»  a  longitudinal  groove  extending  fully  three- 
fourths  of  the  whole  length  of  the  pleura,  and  furnished  with  a  row 
of  puncta  lying  in  it  The  pygidinm,  while  showing  four  segments 
on  the  axis,  has  only  three  pairs  of  pleuras,  indicating  a  condensation 
and  abbreviation  of  this  part  of  the  body.  The  pygidial  plenrsB  are 
closely  similar  to  those  of  the  thorax,  preserving  the  longitudinal 
groove  and  row  of  puncta.  M'Coy's  original  figured  specimens  of 
this  species  are  in  the  Woodwardian  Museum,  as  well  as  those  of 
Ch.  (Anaeh.)  Frederick  The  presence  of  the  row  of  puncta  in  the 
longitudinal  pleural  groove,  and  the  shortening  of  the  latter,  are 
characters  intermediate  between  those  of  Ch,  Frederiei  and  the  next 
group  of  species.  This  group,  which  represents  the  next  stage  in 
the  development  of  the  genus,  includes  several  Bohemian  species 
(e.g.  Ch.  clamger,  Barr.,  Ch.  pater,  Barr.,  eta).*  The  longitudinal 
pleural  groove  is  reduced  in  length  so  as  to  furrow  only  about  half  the 
pleura,  which  can  therefore  be  considered  to  consist  of  two  portions 
— an  outer  ungrooved  portion  and  an  inner  grooved  portion.  A  row 
of  puncta  is  present  in  the  groove.  The  Bohemian  forms,  however, 
have  curiously  only  ten  thoracic  segments,  which  probably  points  to 
an  arresting  of  the  process  of  segmentation  at  a  pre-adult  stage. 
The  preservation  of  an  adolescent  character  in  the  adult  is,  of  course, 
well  known  in  many  groups  of  organisms,  and  I  do  not  attach  any 
subgeneric  importance  to  it  The  pygidium  resembles  in  the 
number  of  the  pleursd  and  condition  of  the  axial  portion  that  of 
U.  SedgwicJci,  but  the  greater  dissimilarity  of  the  pygidial  to  the 
thoracic  pleur»  points  to  a  further  specialization  of  the  pygidium. 
The  head-shield  demands  no  special  notice,  since  its  charactera 
are  essentially  the  same  as  those  in  E.  Sedgwicki.  Ch.  elaviger 
occure  in  Dd  8  and  Dd  4,  but  principally  in  the  latter,  which 
corresponds  with  the  lower  part  of  our  Bala.  The  allied 
Ch.  acuiicauda  (Barr.),  which  shows  a  slightly  greater  reduction 
in  length  of  the  pleural  groove  and  line  of  puncta,  has  the 
atavistic  character  in  the  pygidium  of  four  pairs  of  pleurae,  which, 
nevertheless,  by  their  form,  etc.,  show  some  specialization.  A 
reversion  to  more  primitive  and  ancestral  conditions  in  the  case  of 
the  pygidium  is  by  no  means  rare  in  this  genus,  as  we  shall  see. 
Ch.  scuticauda  occura  in  Dd  3  of  Bohemia.  Ch.  peciinifer,  Barr.,  of 
Dd5,  with  its  Cyrtometopian  head  and  reduced  pleural  groove, 
appeara  to  belong  to  about  this  stage. 

The  species  which  comes  next  in  the  series  is  Ch.  tumescens  (Barr.). 
It  seems  to  be  closely  related  to  Ch.  scuticauda,  for  it  possesses  a 
very  similar  pygidium,  and  also  commences  on  the  same  horizon 
(Dd3),  though  ranging  up  to  Dd5.  In  this  species  also  only  ten 
thoracic  segments  are  present.  The  chief  advance  is  shown  in  the 
constriction  which  occurs  between  the  outer  and  inner  portions  of 

^  It  ia  remarkable  that  this  group,  which  includes  the  earliest  members  of  the 
ffenus  occurring  in  the  Bohemian  basm,  has  not  yet  been  found  in  northern  Europe 
(see  sequel). 
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the  pleura,  and  the  greater  development  of  the  artieulating  band 
on  the  inner  portion  of  the  pleura.  Closely  allied  forraB  are  Ch, 
tMoetoits,  Barr.,  and  Ch,  gryphuSj  Barr.,  of  Dd  4  and  Dd  5.  In  all 
these  above-mentioned  species  the  basal  lobe  of  the  glabella  is 
inoompletely  separated,  for  the  third  glabellar  side-furrow  does  not 
anite  with  the  neck-furrow.  If  we  regard  the  head-shield  as 
composed  of  several  fused  segments,  we  must  look  upon  this  non- 
nnion  as  a  primitive  feature.  The  presenoe  of  an  anterior  wing  to 
the  fixed  cheek  not  crossed  (or  only  very  feebly)  by  the  marginal 
furrow  is  also  a  noticeable  character  in  all  the  Eecoptoeheile  group. 
About  this  point  the  main  stem  seeius  to  give  off  two  branches 
which  lead  to  such  diverse  forms  as  Pseudospharexochus  and 
CroUdocephaluB  respectively. 

Turning  first  to  the  branch  that  ends  in  Crotalocephalus,  we  find 
that  we  are  leaving  Section  11  of  Schmidt  and  entering  upon  his 
Section  I  through  a  considerable  number  of  intermediate  forms 
linking  Eecoptoeheile  with  Cyrtometopus,  The  subgenus  CyrtO' 
metopue,  with  its  rather  heterogeneous  and  ill-defined  characters, 
first  demands  our  attention.  In  it  the  number  of  eleven  thoracic 
segments,  characteristic  of  Schmidt's  Section  I,  with  constricted 
pleurae,  is  met  with.  The  pleural  groove  is  confined  to  the  inner 
portion  of  the  pleura,  and  is  longitudinal ;  the  basal  lobes  of  the 
{glabella  are  incompletely  separated  (except  in  Cyrto,  ?  pseudo' 
hmicranium,  Niewzk.,  which  belongs  to  a  minor  lateral  branch) ;  the 
fixed  cheek  has  an  anterior  wing  not  crossed  (or  only  feebly)  by 
the  marginal  furrow  just  as  in  the  typical  Eecoptoeheile.  The  type 
of  the  subgenus  is  Cyrto.  elavifrons  (Dalm.).  The  pygidium  varies 
somewhat,  but  most  commonly  its  anterior  pleurae  are  enlarged  and 
project  behind  the  posterior  ones,  which  are  of  smaller  size.  There 
are  normally  only  three  pairs  of  pleurae  with  free  ends  in  the 
pygidium,  but  the  fourth  pair  is  represented  by  a  single  median 
terminal  piece. 

Ch,  juvenis  (Salter),  which  was  placed  by  its  author  in  the 
ill-defined  subgenus  ActinopeltiSy  has  close  affinities  to  a  true  Cyrto- 
metopuB  in  the  characters  of  the  head-shield  and  pygidium,  but  the 
complete  separation  of  the  basal  lobes  from  the  glabella  by  the  third 
Mde-furrow  is  a  distinguishing  feature,  and  suggests  an  alliance  with 
Cyrto.?  pseudohemi cranium  (Nieszk.).  The  position  of  the  side- 
furrows  and  course  of  the  facial  suture  in  some  specimens  show 
Bome  similarity  to  those  of  Pseudosphierexochns,  but  I  strongly 
suspect  that  two  or  more  distinct  species,  and  perhaps  even  different 
subgenera,  have  been  included  under  the  specific  title  of  Ch.  juvenis. 

The  two  species  Cyrto.  ?  pseudohemicranium  (Nieszk.)  and  Cyrto.  ? 
nries  (Eichw.  sp.)  may  ultimately  need  the  creation  of  a  new  sub- 
genus intermediate  between  Cyrtometopua  and  the  strange  Spharo- 
coryphe. 

The  reasons  for  the  removal  of  these  forms  from  other  subgenera 
are  at  present  (1)  the  complete  separation  of  the  basal  lobes  by 
the  strong  third  glabellar  side-furrow  joining  the  neck-furrow,  and 
the  smaller  elevation  of  these  lobes  than  the  rest  of  the  glabella; 
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(2)  the  very  weak  development  of  the  two  anterior  side-furrowR. 
Though  in  Cyrto,  ?  aries  the  baKal  lobes  are  not  completely  circum« 
scribed,  yet  the  whole  head-shield  resembles  in  many  important 
features  Cyrto,  ?  ^sendohemicramum,  and  Sohmidt  (/oc.  ciL  p.  123) 
holds  that  they  are  closely  allied.  Eichwald  '  considered  Cyrto.?  ariea 
to  be  a  s]>eGie8  of  Spharocoryphe ;  Hoffmann  '  held  it  to  belong  to 
Spharexochus ;  and  Nieszkowski^  and  Steinhardt^  also  place  Cyrto,? 
pseud  oh  emicraninm  in  Sphterexochua.  The  pygidium  ascribt^d  to  Cyrto,? 
pseudohemicranium  also  shows  quit«  peculiar  characters.  HemispharO' 
coryphe  would  be  a  suitable  name  for  these  forms.  They  have  some 
points  of  similarity  to  Ch.  ghbosm  (Barr.)  from  Dd4  and  Dd5  uf 
Bohemia,  a  point  noticed  by  Schmidt  {loc,  cit,  p.  123).  This 
Bohemian  species,  while  possessing  eleven  segments,  the  number 
typical  of  Schmidt's  Section  I,  and  constricted  pleursa  with  hamate 
processes  to  the  articulating  bands,  has  merely  a  longitudinal  row 
of  puncta  on  the  inner  portion  of  each  pleura  instead  of  a  furrow. 
It  has  also  an  apparently  complete  communication  of  the  marginal 
with  the  axal  furrow,  and  the  basal  lobe  of  the  glal>ella  is  cut  off 
by  the  union  of  the  third  side-furrow  with  the  neck-furrow.  Its 
pygidium  is,  however,  very  different  from  those  of  Cyrto,  ?  pseudo- 
hemicrantnm  and  Cyrto.?  aries,  being  furnished  with  four  pairs  of 
pleursd  with  free  terminations,  allying  it  to  Ch.  tumescens  and  other 
Bohemian  species.  I  am  therefore  inclined  to  think  that  Ch,  globosus 
belongs  to  a  small  side  branch,  and  is  not  in  the  direct  line  of 
ancestry  of  later  forms. 

Cyrto.  ?  pseudohemicranium  and  Cyrto.  ?  aries  form  a  connecting 
link  between  Cyrtometopus  and  Spharocoryphe,  as  before  mentioned. 
The  latter  subgenus  has,  in  common  with  Cyrto,?  pseudoheuiicrani urn, 
the  inflated  anterior  portion  of  the  glabella,  the  separated  basal  lobes, 
and  the  faint  first  and  second  side-furrows  ;  and,  so  far  as  is  known, 
the  pleuree  are  similar  in  both  cases.  But  the  reduction  in  the 
number  of  the  thoracic  segments  to  eight  or  nine  (according  to 
Angel  in),  the  much  greater  inflation  and  protuberance  of  the 
glabella,  and  the  lateral  teeth  to  the  head-shield,  are  important 
differences.  The  pygidium  has  three  pairs  of  pleurae  according  to 
Kutorga,  and  has  the  appearance  of  considerable  deviation  from  the 
ordinary  types  in  the  genus  Cheirurus,  Spharocoryphe^  in  fact, 
appears  to  be  at  the  end  of  a  highly  specialized  small  side-branch, 
which  died  off  in  Silurian  times. 

The  Staurocephalus?  unicus,  described  first  by  Wyville  Thomson* 
from  the  Bala  beds  of  Ayrshire,  is  really  a  Spharocoryphe,  and 
seems  to  be  the  only  British  representative  of  the  subgenus.  On 
the  Continent  the  subgenus  is  confined  to  Ordovician  strata. 

1  Eicbwald.     Lethaja  rossica,  1860,  p.  1408,  T.  lii,  fig.  31. 

'  Hoffmanii.  Sammtl.  Trilob.  BussL  in  Yerh.  d.  mineralog.  Oesellsch.  1868, 
p.  30,  T.  i,  fig.  6. 

'  Nieszkowski.  Znsatze  z.  monogr.  d.  Trilob.  d.  Ostseeprov.  im  ArcbiT.  fiir 
Naturk.,  Liv.  Ert  und  Kurt,  1868,  Ser.  I,  Bd.  ii,  p.  376,  T.  li,  fip.  7  and  8. 

^  Steinbardt.  Die  in  preuss.  Gescbr.  gef.  TriloD.  in  Beitr.  z.  ^aturk.  PFeussens. 
D.  pbys.  okonom.  Gesellscb.  z.  Koni^b.  1874,  p.  60,  T.  i?,  fig.  17. 

A  Quart.  Joum.  Geol.  Soc.,  yol.  xiii  (1857),  p.  209,  pi.  ri,  figs.  13  and  U. 
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Betnrning  now  to  Cyriometopus  proper,  we  find  it  is  sucoeeded  by 
Cheirurus  («eii«.  str.)^  the  cLaracters  of  which  have  been  alreaiiy 
giveu.  The  oonneoting  link,  so  far  as  the  pleurae  are  concerned,  is 
indicated  by  Cyrto,  Zembuitzki  (Eichw.  sp.),  in  which  the  pleural 
groove  has  a  slightly  diagonal  direction,  in  the  characters  of  the 
glabella  and  head-shield,  Cyrto.  Flauiini  (Schmidt)  shows  some 
approach  to  Cheirurua  {sens,  str,),  while  (Jh,  yelasinosus  (Portl.  isp.) 
has  not  the  marginal  furrow  communicating  with  the  axal  furruw, 
as  it  does  in  typiciil  members  of  the  subgenus  Cheirurus  {sens,  str,), 
lu  the  pygidia  of  Cyriometopus  and  this  subgenus  there  are  striking 
points  ot  similarity,  fur  the  anterior  pair  of  pygidial  pleursd  in  many 
species  of  Ckeirurus  {sens,  str.)  is  greatly  enlarged  and  elongated  so 
as  to  embrace  the  two  posterior  pairs,  and  the  fourth  pair  is  repre- 
sented by  a  single  median  terminal  piece. 

With  regard  to  the  pygidium,  it  is  noticeable  that  the  species  of 
Cheirurtu  (sens.  «<r.)  fall  naturally  into  two  groups  when  this  portion 
alone  of  the  body  is  considered,  viz. :  (1)  the  species  with  Cyrto- 
metopian  pygidia  as  just  described,  of  which  an  example  is  Ch, 
exsul  (Beyr.)  ;  ^  and  (2)  the  species  witli  three  almost  equal-sized 
pairs  of  short  pleurse,  with  a  short  single  median  or  bifid  piece 
representing  the  fourth  pair.  Such  a  condition  exists  commonly  in 
Vh.  himucronatus  (Murch.  sp.),  though  many  specimens  from  the 
W'enlock  Limestone  show  a  more  or  less  marked  enlargement  of  the 
first  pair  ot  pleurae. 

As  regards  these  pygidial  characters,  the  Eussian  species  appear 
to  belong  entirely  to  the  first  group;  in  Bohemia  the  second  group 
preponderates,  as  it  does  in  Britain;  while  in  Scandinavia  the  Kussiau 
tvpe  is  in  a  mnjority.  The  period  to  which  Cheirurus  (aeim.  sir.)  is 
restricted  extends  Irom  the  middle  part  of  the  Ordovician  to  the 
upper  part  of  the  Silurian.  Thus,  while  it  commences  during  the 
reign  ot  CyrtometopuSf  it  lives  on  after  that  subgenus  has  dwindled 
away  or  disappeared. 

In  Britain  Cheirurus  sg.  is  represented  by  Ch,  bimuerouatus 
(Murch.  sp.) — with  its  three  varieties,  himucronatus  and  cenindis  of 
Salter,  and  aeanthodes  (Marr  and  Nicholson)^ — ranging  from  Bala  to 
Ludlow  beds ;  Ch,  yelasinosus  (Portl.  sp.),  trom  the  limestone  ol  the 
Chair  of  Kildare,  on  the  same  horizon  probably  as  the  Keisley  Lime- 
Btone,  from  which  come  also  Ch.  ylaber  ( Angelin)  and  Ch.  keialeyensis 
(Heeii  MS.).  Ch,  cancrurus  (Salter),  which  occurs  in  the  Kildare 
and  Keisley  limestones,  may  belong  to  this  subgenus ;  but  though  the 
bead  figured  by  Salter^  undoubtedly  belongs  to  this  subgenus,  it  is 
very  doubtful  whether  it  is  rightly  associated  with  the  extremely 
atavistic  pygidium  on  which  the  species  was  originally  founded. 

^  A  case  of  extreme  specialization  in  this  g^oup  is  Ch.  subulatus  (Linuarsson), 
in  which  the  pygidium  has  only  two  pairs  of  tree  pleurse. 

'  Marr  and  ^'icholson.  The  iStockdaie  Shales :  Quart.  Joum.  Geol.  Soc.  18SS, 
vol.  il,  p.  722,  pi.  xri,  tigs.  7  and  8. 

*  baiter.     Mun.  Brit.  Trilob. :   Pal.  Soc.  1864,  p.  72,  pi.  v,  fig.  16. 

(2'o  be  continued  in  our  April  Number.) 
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L — Cataloouk  of  the  Fossil  Fishes  in  the  British  Museum 
(Natural  History).  By  Arthur  Smith  Woodward,  F.G.S., 
F.Z.S.  Part  III.  1895.  8yo,  pp.  xxxii  and  544,  with  18  Plates 
and  45  Illustrations  in  the  text.     Dulau  &  Co.,  London. 

11  HE  appearance  of  the  third  part  of  Mr.  Smith  Woodward's 
Catalogue  of  the  Fossil  Fishes  in  the  British  Museum  will  be 
welcome,  not  only  to  those  who  have  occasion  to  busy  themselves 
with  the  determination  of  genera  and  species,  but  to  all  who  are 
interested  in  the  classification  of  fishes  in  general,  and  in  the 
fascinating  problems  connected  with  the  evolution  of  this  great 
class  of  Vertebrata.  The  time  is  surely  now  come  for  ''  biologists  '* 
to  give  some  attention  to  palaeontological  as  well  as  to  embryological 
development,  instead  of  looking  upon  fossil  forms,  as  only  too  many 
seem  to  do,  as  something  altogether  outside  the  sphere  of  their 
work  and  interest. 

lliis  part,  dealing  mainly  with  the  fishes  ordinarily  known  as  the 
"  Lepidosteoid  Ganoids,"  has  taken  four  years  in  preparation  ;  not 
too  long  a  time  when  we  consider  the  magnitude  of  the  task  of 
revising  and  rectifying  such  an  enormous  mass  of  genera  and 
species,  but  also  of  tracing  the  true  and  natural  affinities  of  forms 
and  families,  whose  relationships  have  been  in  the  past  so  obscured 
by  the  lingering  influence  of  Agassiz,  which  has  induced,  and  still 
induces,  authors  to  place  undue  value  upon  characters  of  absolutely 
secondary  importance,  instead  of  boldly  assigning  the  proper  weight 
to  those  which  are  of  a  more  deeply  seated  and  genuinely  morpho- 
logical nature. 

While  much  had  been  done  by  previous  writers  in  the  way  of 
freeing  Palaeozoic  Ichthyology  from  the  "dermal  character"  incubus, 
Mr.  Smith  Woodward  has  had  the  work  of  elucidating  the  true 
morphological  relations  of  the  Mesozoic  Semi-heterocercal  Ganoids 
very  much  more  to  himself,  for  it  cannot  be  said  that  recent 
attempts  to  systematize  these  fishes  have  been  very  successful.  And 
the  result  is  one  of  which  neither  the  author  nor  the  great  national 
institution  of  which  he  is  a  prominent  official  need  be  ashamed. 

The  present  part  commences  with  the  consideration  of  certain 
Mesozoic  representatives  of  the  Acipenseroidei,  or,  as  the  author 
prefers  to  call  them,  "  Chondrostei,"  left  over  from  last  volume. 
Ilere,  as  previously  indicated,  Mr.  Woodward  includes  the  semi- 
heterocercal  Catoptems  and  the  abbreviate  diphycercal  BelonO' 
rhynchuSt  placing  more  weight  upon  the  structure  of  the  median 
fins  than  on  the  degree  and  manner  of  the  caudal  extension  of 
the  body-axis.  The  families  treated  of  here  are  the  Catopteridse, 
Belonorhynchidaa,  Chondrosteidaa,  Aoipenseridee,  and  Polyodontidss. 
Although  Prof,  von  Zittel  still  ''does  not  seem  to  see  it,'*  at  least 
with  the  requisite  clearness,  it  is  gratifying  to  find  that  Mr. 
Woodward  does  not  cease  to  support  strongly  the  close  relationship 
between  the  recent  Acipenseroids  and  the  extinct  Palseoniscidsd  and 
Platysomidas,  which  was  pointed  out  by  the  present  writer  in  1877. 


Iteciews — Fossil  Fishes  in  British  Museum.  125 

With  the  dismissal  of  the  Ghondrostei  the  special  interest  of  the 
present  volame  oommences,  as  in  the  treatment  of  the  typical  Meso- 
zoio  Ganoids — be  it  remembered  that  "  Ganoid  "  is  now  only  a  con- 
ventional term — a  considerable  amount  of  ''  redistribution  of  seats  " 
takes  place  with  regard  to  forms  with  which  the  general  palasonto- 
logist  is  already  familiar.  As  co-ordinate  with  Ghondrostei,  the 
aathor  here  deals  with  two  further  suborders  of  the  Aotinopterygii, 
▼iz.  the  Protospondyli  and  the  ^theospondyli,  and  part  of  a  third, 
the  Isospondyli. 

Protospondyli. 

The  Protospondyli,  abbreviate  heterocercal  fishes,  with  complex 
mandible,  no  interclavicular  plates,  and  having  the  vertebral  axis 
represented  by  a  persistent  notochord  or  by  vertebrse  which,  at  least 
in  the  caudal  region,  have  the  pleurocentra  and  hypocentra  distinct 
and  alternating,  are,  in  fact,  nearly  the  equivalent  of  what  since 
Huxley's  time  have  been  called  Lepidosteidse  or  Lepidosteoidea,  but 
with  Lepidosteus  left  out  and  Amia  included.  For  the  disappearance 
of  the  "  Amioidea  "  as  a  suborder  1  have  long  been  prepared  by  the 
obvioas  similarity  in  cranial  characters  between  Amia  and  such 
genera  as  Lepidotus  and  Eugnathus,  And  yet  these  have  osseous, 
rhombic,  brilliantly  ganoid  scales,  while  those  of  Amia  are  rounded, 
thin,  and  flexible — are,  in  fact,  "  cycloid  "  in  the  most  Agassizian 
sense  of  the  word.  The  condition  of  the  squamation  as  an  ordinal  or 
Bobordinal,  or  even  family  characteristic,  here  receives  its  crowning 
blow,  aft«r  having  been  utterly  shaken  by  the  occurrence  of  Palaeon- 
iscidad  with  round,  imbricating  scales  (Trissolepis,  Fritach,  Cryphio' 
lepis,  Traquair) ;  and  a  still  further  interesting  case  is  aflforded  by 
Mr.  Woodward's  Semionotid  genus  ^thiolepis,  in  which  the  body- 
scales  are  rhombic,  while  those  towards  the  tail  are  "  cycloidal." 

The  families  included  by  Mr.  Woodward  under  Protospondyli 
are  the  Semionotidae,  Macrosemiidae,  Pycnodontidae,  Eugnathidae, 
AmiadsB,  and  Pachycormidas.  In  the  first  of  these  families  we  have 
deep-bodied  "  Stylodonts  "  like  Dapedius  included  along  with  fusi- 
form "  Sphaerodonts  "  like  Lepidotus ,  for  the  mere  shape  of  teeth  is 
as  of  little  classificatory  importance  as  that  of  scales.  Then  as 
regards  the  Pycnodontidae,  Mr.  Woodward  has  made  a  special  and 
elaborate  study  of  this  remarkable  family,  bringing  out  many  new 
and  important  structural  facts,  such  as  the  fusion  of  the  pterygo- 
palatine arcade  with  the  base  of  the  skull,  etc.  As  regards  the 
systematic  position  to  which  he  has  assigned  these  fishes,  I  have 
every  reason  personally  to  be  gratified  with  his  results.  It  is  n»)W 
many  years  ago  since  I  imagined  that  I  had  succesHfuUy  combated 
the  idea  of  Egerton  that  the  Platysomidae  were  structurally  related 
to  the  Pycnodontidas,  maintaining  as  I  did  that  while  the  former  were 
of  Acipenseroid  affinity,  and  indeed  close  to  the  Palasouisoidae,  the 
strocture  of  the  internal  skeleton  in  the  latter  (PycnodontidaB) 
pointed  rather  to  their  place  being  in  **  the  great  Lepidosteoid  series 
of  Ganoids "  than  in  any  other.  Nevertheless,  in  his  most  recent 
systematic  work  Prof,  von  Zittel  still  maintains  that  the  Pycno- 
doatids  are  probably  the' descendants  of  the  Platysomidaa.  and  asseiis 
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that  tbey  differ  principally  in  the  dentition  and  in  the  condition  of 
the  jaws  1  ^  It  is  to  be  lioped  that  Mr.  Smith  Woodward's  emphatic 
declaration  that  the  "  Platysomiiiad  never  make  the  faintest  approach 
to  the  Pycnodontidsd  in  a  single  essential  character,"  as  well  as  the 
systematic  position  to  which  in  the  present  work  he  has  assigned  the 
last-named  family,  will  lead  the  distinguished  palaeontologist  of 
Munich  to  reconsider  a  position  which  still  retains  us  in  the  Agassiz- 
Egertonian  period  of  palaeichthyological  science. 

^THEOSPONDTLI. 

We  have  already  seen  that  Mr.  Woodward  excludes  Lepidosteus 
from  the  assemblsge  of  semi-heterocercal  rhombic-scaled  fossil  forms, 
with  which  it  has  been  associated  since  the  publication  of  Huxley's 
famous  Ensay  on  the  Classification  of  the  Devonian  Fishes ;  and  his 
reason  is  the  structure  of  the  vertebrse,  which  never,  even  in  the 
caudal  region,  show  separate  and  alternating  pleurocentra  and  hypo- 
centra.  This  character  is  shared  also  by  Aspidorhynchus,  though  the 
vertebral  centra  are  here  ring-shaped  or  biconcave,  instead  of  opis- 
thocoelous  as  in  Lepidosteus.  The  suborder  of  ^theospondyli 
therefore  includes  the  two  families  of  Aspidorbynchidee  and  Lepi- 
dosteidsB. 

These  two  families  are  certainly  closely  related  to  the  fishes 
brought  together  by  Mr.  Woodward  under  Protospondyli,  by  the 
complexity  of  the  mandible  and  other  characters,  and  it  may  indeed 
be  a  matter  of  opinion  as  to  whether  the  condition  of  the  vertebras 
justifies  their  separation.  I'he  author  himself  states  that  "the 
recognition  of  this  group  is  a  confession  of  ignorance  " — that  is, 
ignorance  of  the  immediate  relationships  of  the  two  families  therein 
included. 

ISOSPOMDTLI. 

The  third  group  after  Chondrostei,  which  Mr.  Woodward  com- 
mences in  this  Part,  is  that  of  the  Isospondyli,  a  term  instituted 
by  Professor  Cope  for  a  large  and  closely  related  series  of  recent 
"  Teleostei,"  including  the  Clupeoids,  Salmonoids,  etc.,  and  in  which 
he  also  placed  many  of  the  Mesozoic  "  Ganoids,"  dealt  with  by  our 
author  in  the  previous  pages  of  this  volume.  The  Isospondyli  are, 
however,  distinguished  from  the  Protospondyli  and  ^theospondyli 
by  the  more  simply  constituted  mandible,  which,  as  in  modem  bony 
fishes  generally,  does  not  consist  of  more  than  two  or  three  pieces, 
except  perhaps  in  Arapacina,  Only  three  families  of  Isospondyli 
are  treated  of  in  the  present  Part,  namely,  the  PholidophoridsB, 
OligopleuridsB,  and  Leptolepidaa. 

With  the  inclusion,  already  proposed  by  Cope,  of  fishes  like 
Tholidophorus  in  one  "suborder"  with  Clupea  and  Salmo,  the 
"  Gauoidei "  of  Agassiz  may  be  said  to  have  disappeared,  and  with 
them  the  "  Palaeichthyes "  of  Giinther.  Strange  it  is  that  after 
having  been  led  so  long  an  excursion  by  the  illustrious  founder  of 
fossil  ichthyology,  our  Ganoids  should  have  got  back  pretty  much 
to  where  they  were — close  to  the  Herrings  I 

I  «  Gnmdzuge  der  Palieontologie,"  Miinchen  and  Leipzig,  1895,  p.  574. 
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Included  in  the  "  Addenda  et  Corrigenda  "  at  the  end  of  the  Part 
18  a  notice  of  the  hitherto  prohleraatio  genus  Platyaiagum,  Egerton, 
of  the  liower  Lias,  which  Mr.  Woodward  proposes  to  refer  to  the 
PalflBohiecidaa.  Certainly  the  osteology  of  the  head  of  Plaiyniagura 
is  palssoniscoid  in  the  highcHt  degree,  and  I  should  myself  have 
referred  it  to  this  family  twenty  years  ago  had  I  not  seen  in  the 
oollection  of  the  late  Lord  Enniskillen  a  specimen,  now  in  the  British 
Museum,  in  which  the  upper  lohe  of  the  tail  seemed  to  be  decidedly 
ton-heterooercal.  Mr.  Woodward  says,  however,  that  the  upper 
lobe  of  the  tail  is  unknown,  and  my  remembrance  of  the  specimen 
is  that  the  tail  is  so  twisted  that  it  is  hard  to  know  which  is  upper 
and  which  lower.  At  the  same  time  I  have  many  a  time  carefully 
examined  the  fish  with  the  hope  of  finding  myself  mistaken  in  the 
orientation  of  its  caudal  lobes,  but  always  with  the  same  result. 
If  Mr.  Woodward's  reading  be  correct,  then  the  apparent  anomaly  of 
a  fish  with  such  a  very  palaaoniscoid  head  and  a  non-heterocercal 
tail  will  be  removed. 

It  would  be  impossible,  within  the  limits  usually  allowed  for  a 
review  of  this  kind,  to  enter  into  any  more  minute  analysis  of  the 
contents  of  the  volume  now  before  me.  Let  me  conclude  by  saying 
that  the  task  of  preparing  this  Part  must  have  been  a  most  arduous 
one,  and  that  Mr.  Woodward  has  performed  it  in  a  manner  well 
deserving  of  the  grateful  and  appreciative  recognition  of  his  fellow- 
workers  in  science. 

Eight  beautiful  restored  drawings  of  Mesozoic  fishes  are  given  in 
tbe  text,  which  will  surely  be  of  more  use  to  the  textbook -makers 
than  the  antiquated  Agassizian  figures  which  down  to  the  present 
day  are  so  often  copied  and  re-copied.  As  to  the  eighteen  litho- 
graphic plates,  it  is  sufficient  to  say  that  they,  as  well  as  the  re- 
st4)red  drawings,  are  from  the  accomplished  pencil  of  Miss  G.  M. 
Woodward,  and  that,  as  might  be  expected,  they  occupy  a  place 
m  the  first  rank  of  palseontographical  work. 

R.  H.  Traqdair. 

II. — Catalogue  op  the  Mksozoio  Plants  in  the  Department 
OF  Gboix)OY,  British  Museum  (Natural  History).  "The 
Wealden  Flora.  Part  II ;  Gyjinorpermje."  8vo,  pp.  260. 
With  Twenty  Plates  and  Nine  Figures  in  the  Text.  By  A.  0. 
Seward,  M.A.,  F.G.S.     London :  Dulau  <fe  Co.,  1895. 

THE  present  volume  completes  Mr.  Seward's  excellent  account 
of  the  fossil  plants  of  the  British  Wealden  formation.  Un- 
fortunately no  remains  of  Angiosperms  have,  so  far,  been  found  in 
these  beds,  so  the  ascending  series  closes  with  tlie  Coiiiferas.  The 
Wk,  with  the  aid  of  the  numerous  and  admirable  plates  (chiefly 
drawn  by  Miss  Woodward),  gives  a  clear  picture  of  \\\e  fades  of  the 
Wealden  Flora,  and  it  would  be  difficult  to  speak  too  highly  of  the 
Bcientific  judgment  shown  by  the  author  in  estimating  the  affinities 
of  the  various  fossils. 

Cycadean  remains,  or  at  least  specimens  most  naturally  referred 
to  the  CycadacesB,  constitute  an  important  feature  of  the  Wealden 
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Flora.  It  is  remarkable,  however,  to  find  how  little  evidence  there 
18  to  prove  that  these  various  remains  really  belonged  to  plants  like 
the  Cjonds  of  the  present  day.  As  the  author  says  (p.  240) :  "  Wo 
must  remember  that  the  so-called  Gyoadean  fronds  from  Mesozoio 
rocks  are  nearly  always  found  apart  from  the  stems  and  reproductive 
structures,  and  we  are  still  to  a  large  extent  in  the  dark  as  to  the 
exact  nature  and  structure  of  these  extinct  Cycadean  plants." 

In  his  introductory  remarks  Mr.  Seward  pointa  out  the 
frequent  difficulty  in  distinguishing  for  certain  between  leaves  of 
ferns  and  Cycadacese,  and  briefly  discusses  the  evidence  for  the 
existence  of  Palseozoic  members  of  the  latter  family.  Some  of  the 
Carboniferous  specimens,  such  as  Pterophyllum  FayoU,  Ren.  and 
ZeilL,  have,  he  thinks,  a  strong  claim  to  be  regarded  as  Cycadean 
plants.  Among  the  beautiful  fronds  from  the  Wealden  figured  in 
this  book,  many,  and  notably  those  referred  to  Cyeadites  and 
Dioonites,  show  a  striking 'similarity  to  the  leaves  of  recent  genera. 
As  regards  Cyeadites,  the  author  indicates  certain  sources  of  error 
in  determining  whether  the  pinna  has  a  single  vein,  the  most  critical 
point  in  determining  the  relation  to  the  genus  Cyeas,  No  one  can 
doubt  the  Cycadean  affinities  of  the  fronds  and  stems  described  here 
(with  the  exception  of  such  doubtful  genera  as  Nilssonia  and  Anomo^ 
zamites).  The  difficulty  is  that  fructifications  are  rare,  and  those 
which  we  know  best  (Bennettites)  are  quite  different  from  any 
flowers  of  recent  Cycads.  Thus,  we  can  never  say  for  certain 
whether  a  given  fossil,  with  Cycadean  habit,  really  belonged  to 
the  family  Cycadaceaa,  in  the  comparatively  narrow  sense  of  recent 
Botany,  or  to  the  Bennettitese,  a  related,  but  perfectly  distinct  group. 

The  author  recognizes  scarcely  any  characteristic  Cycadean  fructi- 
fications among  the  specimens  examined  by  him.  So  doubtful  is 
he  about  forms  hitherto  referred  to  Cycadeostrohna,  that  he  revives 
Sternberg's  old  genus  Conites  for  their  reception,  thus  avoiding  any 
expression  of  opinion  as  to  their  true  position.  The  only  example  of 
a  true  Cycadean  fructification  described  is  Androstrohus  Nathorstii^ 
sp.  nov.,  which  bears  much  resemblance  to  a  male  flower  of  this 
family,  and  in  some  specimens  shows  with  great  clearness  the  scars 
of  numerous  pollen-sacs  on  the  lower  surface  of  the  scales. 

Among  stems  of  Cycadean  habit,  a  new  species  of  Fittonia  is 
described,  with  the  leaf-bases  remarkably  well  preserved.  The 
author  regards  certain  Wealden  steins  formerly  refeired  to  Draeana 
as  being  much  more  probably  Cycadean,  and  points  out  their  re- 
semblance to  some  species  of  Zamta.  He  finds  no  evidence  for  the 
existence  of  Monocotyledons  in  the  English  Wealden. 

A  full  account  is  given  of  that  most  interesting  of  all  Mesozoio 
genera,  BennettiteSf  which  the  author  identifies  with  Williamsonia, 
The  internal  structure  of  the  fructification  of  this  extraordinary 
plant,  which,  to  a  certain  extent,  combines  Cycadean  with  Angio- 
spermous  characters,  is  now  well  known  owing  to  the  classical 
researches  of  Carruthers  and  Sol ms-Lau bach,  and,  more  recently,  those 
of  Lignier.  The  author  describes  some  very  interesting  specimens 
from  the  Wealden,  which  he  refers  to  another  species,  B.  Carruthersi. 
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The  internal  Btmctnre  is  not  preserved,  bat  tbe  habit  of  tbe  fruit 
is  excellently  shown,  as  the  plates  testify.  Tiie  author's  careful 
oompartson  with  the  more  completely  known  species  leaves  no 
doubt  as  to  the  essential  identity  of  structure. 

Mr.  Seward  considers  that  we  are  still  without  any  very  satisfactory 
evidenoe  aa  to  the  nature  of  the  male  inflorescence,  all  the  well- 
iayestigated  specimens  being  apparently  female. 

The  author  founds  a  new  genus  (Withamia)  for  a  remarkable 
fossil,  much  resembling  the  Cyeadorachia  of  Saporta.  He  shows 
that  there  is  no  real  similarity  to  the  rachis  of  any  Cjcad,  and 
defines  the  new  genus  as  follows :  ''A  woody  axis  bearing  two  rows 
of  spiny  appendages,  in  the  axils  of  which  are  borne  flat  leaf- like 
appendages."  There  is  at  present  no  clue  to  the  affinities;  the 
comparison  with  PhyUociadun  is  perhaps  as  instructive  as  any. 

Mr.  Seward  says  that,  "as  a  general  rule,  fossil  Conifers  are 
perhaps  the  most  unsatisfactory  plants  with  which  the  palsBo- 
botanist  has  to  deal."  Consequently  he  treats  the  fossils  referre<i 
to  this  order  with  special  caution,  though  he  has  some  beautiful 
specimens  to  record.  So  far  as  the  remains  justify  any  definite 
conclusion,  it  would  appear  that  the  principal  tribes  of  the  order 
were  already  developed  in  the  Weal  den  epoch ;  Araucariese,  Abie- 
linesB,  TaxodinesB,  Cupressineaa,  and  Podocarpese  all  have  fairly 
accredited  representatives.  A  new  species,  Piniies  Solmsij  is  founded 
on  excellent  fertile  specimens,  which  strongly  suggest  the  recent 
genus,  thoagh  neither  the  exact  morphology  of  the  cone  nor  the 
insertion  of  the  leaves  can  be  determined  with  certainty. 

Brachyphyllum  spinosum,  sp.  nov.,  with  its  great  rhomboidal  leaf- 
scars  and  spinose  branches,  is  a  most  striking  plant,  which  we 
would  gladly'  know  more  about. 

In  his  concluding  remarks  the  author  says  (p.  240) :  "  Looking 
at  the  Wealden  plants  collectively,  we  notice  a  very  striking  agree- 
ment with  the  flora  of  the  underlying  Jurassic  strata,  and  it  would 
be  difBcnlt  to  point  to  any  well-marked  or  essential  difference 
between  the  plant- life  of  the  two  periods.  The  evidence  of  pals&o- 
botany  certainly  favours  the  inclusion  of  the  Wealden  rocks  in  the 
Joraiwic  series." 

fioth  the  author  and  the  Museum  are  to  be  warmly  congratulated 
on  the  completion  of  this  book.  If  all  writers  on  fossil  botany  had 
shown  the  same  sound  and  cautious  judgment  which  characterizes 
Mr.  Seward's  work,  the  subject  would  now  be  in  a  much  more 
advanced  position  than  it  is.  D.  H.  S. 

ni— Memoirs  of  the  Geologioal  Survey  of  the  United 
EiNODOM.  "The  Jurassio  Rooks  of  Britain.  Vol.  V:  The 
Middle  and  Upper  Oolitio  Rocks  of  England  (Yorkshire 
excepted)."  By  Horace  B.  Woodward,  F.G.S.  8vo,  pp.  xiv 
and  499;  145  Figures  and  Map.     Loudon  :  Dulau  &  Co.,  1895. 

THE  previous  volumes  of  this  important  work  have  from  time 
to  time  been  noticed  in  the  Geologioal  Magazine,  and  we 
now  have  to  congratulate  Mr.  Woodward  on  the  appearance  of  the 
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fifth  volume,  which  completes  the  Memoir  on  the  JiirasBic  Bocks  of 
England.  The  Surrey,  however,  promise  us  a  concluding  volume, 
relating  to  the  Jurassic  Rocks  of  Scotland  and  Ireland,  after  those  of 
Scotland  have  been  mapped  in  detail. 

As  in  the  previous  volumes,  Mr.  Woodward  avails  himself  largely 
of  the  published  observations  of  other  workers  in  the  same  field,  and 
he  has  also  received  considerable  assistance  at  various  times  from 
local  geologists.  All  these  are  duly  acknowledged.  The  fossils 
collected  during  the  progress  of  his  work  have  been  named  by 
Messrs.  Sharman  and  Newton,  whilst  Mr.  Teall  has  examined  and 
described  microscopic  sections  of  the  rocks. 

The  Upper  Jurassic  (Middle  and  Upper  Oolites)  in  this  country 
is  essentially  a  pelolithic  deposit,  which  in  the  East  Midlands  is 
scarcely  relieved  by  any  shelly  limestones;  whilst  in  the  West 
Midland  and  Southern  Counties  two  great  calcareous  deposits 
(Gorallian  and  Portlandian),  each  supported  on  an  arenaceous  base, 
serve  to  relieve  the  monotony  of  these  extensive  clay  formations. 

As  regards  the  uppermost  limits  of  the  system,  Mr.  W^oodward 
observes  that  the  general  relationship  between  the  Purbeck  aiid 
Wealden  strata  has  led  many  geologists  to  group  them  together. 
He  also  considers  that  the  local  evidence  would  not  justify  us  in 
parting  them,  and  it  is  only  on  wider  grounds  that  the  division 
between  Jurassic  and  Cretaceous  is  taken  between  the  two.  Thus, 
he  says,  *'  We  may  be  content  to  allow  the  claims  of  general  con- 
venience and  of  palceontological  succession  established  in  Europe  to 
rule  the  limits  of  our  principal  chronological  systems." 

However,  he  goes  on  to  say  that  as  regards  the  several  sub- 
divisions the  case  is  different;  such  formations  must  be  based  on 
their  stratigrapliical  features,  and  he  justly  insists  on  the  importance 
of  maintaining  the  original  divisions  of  our  strata  as  taken  from  the 
typical  localities.     The  following  general  arrangement  is  adopted  : — 

5'  "^  /  Upper  Purbeck  Beds  \ 

;s  I  Porbeckian  <  Miadle  Purbeck  Beds  |  Spilsbj  Sandstone, 
o  1  (  Lower  l^rbeck  Beds  ) 

T>    ♦!     ^'      f  Upper  Portland  Beds. 
Fortlandian  ^  ^^^^  Portland  Beds  and  HartweU  Clay. 

Kimeridgian.    Kimeridge  Clay. 


O 

u 

a 


.  \ 


o 


/  Coral  Rag  and  Coralline  \ 
Corallian }         Oolite  |  Upware  Limestone  and  Ampthill  Clay. 

(  Calcareous  Grit  ) 


Oifordian, — The  author  recognizes  three  palaeontological  horizons 
in  descending  order,  viz. :  Ammonites  cordatus,  Am,  omatus  (perhaps 
a  generalized  term),  and  Am,  Calloviensis.  He  gives  a  useful 
summary,  and  many  details  are  now  for  the  first  time  published. 
As  a  rule.  Oxfordian  beds,  south  of  the  Humber,  do  not  afford  many 
prominent  features,  so  that  their  lithology  and  palaeontology  must 
be  worked  out,  for  the  most  f>art,  in  brickyards,  well- sections,  and 


ReviewB — The  Jurassic  Rocks  of  England.  131 

raflway-ootting^  It  was  a  grand  time  for  oolleotora  when  the 
tmoliM-olayB  of  Ohristian  Mai  ford  were  cut  through  in  making  the 
Great  Western  Railway. 

For  many  years  subsequently  little  was  added  to  our  knowledge 
of  the  Oxford  Clay.  But  latterly  the  subject  has  again  attracted 
attention.  The  author  and  his  colleagues,  for  instance,  have  carefully 
investigated  the  strata  at  Reilaways  itself.  Moreover,  the  well- 
sinking  at  Swindon  added  largely  to  our  knowledge  of  Ozfordian 
beds.  This  operation  was  watched  and  reported  upon  by  the  author 
and  Mr.  EL  T.  Newton,  with  very  complete  results.  To  the  eordaius* 
fone  was  assigned  288  ft.,  to  the  omatus-zoue  220  ft.,  and  to  the 
Ca2/ovt«iists-zone  62  ft  The  evidence  agrees  with  that  furnished  in 
other  localities,  that  the  Eel  la  ways  Rock  is  but  an  irregular  and 
sandy,  impersistent  bed  towards  the  base  of  the  Oxford  Clay,  locally 
fossil iferous.  The  tendency  to  form  great  doggers  on  this  horizon 
in  certain  looalities  is  well  exhibited  in  a  railway-cutting  near 
Cirencester.  The  total  thickness  assigned  to  the  Oxfordian  beds  at 
Swindon  is  672  ft.,  being  considerably  in  excess  of  Prof.  Prestwich's 
fstimate  of  300  ft.  at  Oxford. 

Passing  on  to  the  East  Midlands,  Mr.  Woodward  has  had  the 
advantage  of  being  able  to  consult  Judd*s  "  Geology  of  Rutland/'  as 
well  as  the  works  of  the  late  Tbos.  Roberts,  who  possessed  a  most 
accurate  and  extensive  knowleilge  of  the  fossils  of  the  Upper 
Jurassic  clays.  Several  other  members  of  the  Survey  have  also 
oontributed  of  late  years  to  our  knowledge  of  Oxfordian  beds  in 
Lincolnshire. 

Corallian. — It  is  not  a  little  singular  that  the  term  '' Gorallian," 
which,  strictly  speaking,  is  of  French  origin,  should  in  some  quarters 
be  falling  into  disuse  in  that  country,  and  that  "  Rauracien "  and 
"Sequanien"  more  or  less  occupy  its  place.  However,  in  England 
the  term  is  exceedingly  applicable  for  the  variable  series  of  strata 
that  occur  between  the  Oxford  and  Eimeridge  Clays.  Messrs. 
Blake  and  Hudleston  supplemented  the  work  of  the  older  writers  on 
this  formation,  and  Mr.  Woodward  has  in  many  cases  adopted  their 
local  stratigraphical  divisions.    His  general  grouping  is  as  follows: — 

p  \  Upper  Calcareous  Grit,  Upper  Coral  (    Zone  of 

r      fr  «  5  1^  ^^^  Ironstone,  Coral  kag,  and  J  Aminonites 
^*''^^^*°  )  Coralline  Oolite  I   plieatilit. 

J  \  i     Zone  of 

n  -^n^I-  5  Lower  Calcareous  Grit  {  Ammonites 

This  arrangement  differs  from  the  original  Survey  mapping  of  the 
itrata  from  Dorsetshire  to  Berkshire,  where  a  tripartite  divinion  was 
maintained,  the  highest  beds  being  called  '*  Upper  Calcareous  Grit" 
^a  name  borrowed  from  Yorkshire.  Certainly,  the  highest 
Corallian  beds  in  Dorsetshire,  and  to  a  less  extent  in  WiltHliire, 
present  marked  peculiarities,  such  as  extensive  ferrugination,  in 
tome  cases  amounting  to  an  iron-ore.  Moreover,  tlie  fauna  is 
p^liar,  thongh  this  is  to  some  extent  due  to  physical  diflferences. 
Hence  these  beds  are  in  a  certain  sense  KimeriJgian,  and  it  is  just 
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poBsible  that  the  Abbotsburj  Ironstone  is  on  the  horizon  of  the 
*^  Pterooenan "  beds,  though  the  Pteroceras- fauna  is  ¥ranting  in  this 
country. 

There  oan  be  no  dQubt  that  the  Coral lian  series  as  developed  at 
Weymouth  and  Osmington  presents  many  attractions,  both  to  the 
Btratigraphist  and  the  collector.  It  is  so  varied,  so  accessible,  and 
so  fosailiferous,  and  there  are  such  excellent  sections  on  the  coast, 
that  the  geologist  is  invited,  as  it  were,  to  bring  out  his  hammer, 
bis  compass,  and  his  tape,  and  try  what  he  can  make  of  the 
exposures.  The  very  fact  of  the  whole  series  occurring  in  duplicate, 
i.e.  on  either  side  of  the  Weymouth  anticline,  renders  the  study  of 
these  rocks  all  the  more  interesting.  Mr.  Woodward's  measure- 
ments di£fer  somewhat  from  those  of  Blake  and  Hudleston,  but  in  all 
other  respects  he  confirms  their  work.  An  ample  list  of  fossils  from 
the  Corallian  rocks  near  Weymouth,  including  the  Abbotsbury  iron- 
ore,  concludes  this  part  of  the  subject. 

Full  details  of  the  Corallian  beds  are  given  as  they  are  traced 
towards  the  north-east,  until  their  final  disappearance  in  a  distinct 
lithologioal  form  in  Oxfordshire.  The  subject  of  the  Ampthill  Clay 
may  detain  us  for  a  moment  Although  this  argillaceous  equivalent 
of  Corallian  beds  was  first  indicated  by  Prof.  Seeley,  it  is  to  the 
labours  of  the  late  Thomas  Roberts  that  we  owe  most  of  our  knoww 
ledge  of  its  contents.  The  subject,  like  that  of  all  Fen  clays,  is  a 
difficult  one,  and  distasteful  to  many  ;  but  Roberts'  singular  know- 
ledge of  Upper  Jurassic  fossils  enabled  him  to  grapple  with  it 
successfully,  and  the  readers  of  the  Quarterly  Journal  may  remember 
that  he  ventured  to  map  this  Corallian  clay  in  Cambridgeshire  and 
Lincolnshire. 

Kimeridge  Clay  (Kimeridgtan), — ^The  term  **  Eimeridge  strata,"  we 
are  told,  was  employed  in  1812  by  Thomas  Webster,  and  in  1818 
the  term  '*  Eimeridge  Clay  "  was  used  by  Buckland.  In  England 
the  beds  of  this  age  are  mainly  clays.  When  we  bear  in  mind 
that  this  formation  varies  in  thickness  from  1200  feet  in  the  great 
Eimeridgian  trough  of  the  south  of  England  to  less  than  100  feet  in 
the  neighbourhood  of  Oxford,  and  that  it  includes  a  variety  of  zones 
recognized  on  the  Continent,  some  based  on  Cephalopoda  and  others 
on  different  orders  of  Mollusca,  it  must  be  admitted  that  an  author 
in  Mr.  Woodward's  situation  has  unusual  difficulties  to  contend  with. 
There  is  even  a  further  trouble,  viz.  how  to  distinguish  between 
Eimeridgian  clays  and  Portlandian  clays,  in  cases  such  as  Hartwell, 
where  no  lithological  indications  of  a  separation  between  the  two 
present  themselves.  To  show  such  a  Portlandian  clay  on  a  map 
would  be  next  to  impossible:  indeed,  the  only  place  in  England 
where  a  palpable  Portlandian  clay  is  cleariy  sepai*ated  from  the 
Eimeridge  Clay  by  beds  whose  fauna  and  lithology  are  distinct, 
occurs  at  Swindon. 

Agreeing  with  Prof.  Blake  that  there  is  no  need  in  this  country 
to  divide  t£e  Eimeridge  Clay  into  more  than  two  zones  for  general 
stratigraphical  purposes,  Mr.  Woodward  adopts  the  following 
arrangement  (see  table  on  page  133) : — 
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It  has  generally  been  considered  that  the  Lower  Kimeridge  of 
Dorsetehire  represents  in  the  main  the  *'  Virgulien "  of  foreign 
authors,  and  casts  of  Ex,  virgula  are  said  to  have  been  found  as  low 
down  as  the  Abbotsbury  iron -ore.  But  Mr..  Woodward  finds  this 
f<»asil,  together  with  Am.  longispinus,  also  in  the  Upper  beds.  These 
latter,  between  600  and  700  feet  thick  in  some  places,  are 
exceptionally  developed  in  Eiraeridge  Bay  and  throughout  the  Isle 
of  Porbeck,  where  the  dark  bituminous  and  paper  shales  of 
Chapman's  Pool,  eta,  charged  with  Lucina  minvuctda  and  Discina 
latissima,  are  of  immense  thickness.  The  most  curious  feature  of 
the  whole  is  that,  although  there  is  a  complete  sequence  between 
these  clays  and  the  Portland  beds  of  St  Albans  Head,  yet  the  so- 
called  Middle  Portlandian  fauna  of  Swindon  and  Hartwell  has  not 
yet  been  discovered  in  that  locality. 

KncEBiDOB  Clat. 


ZONBS. 

SUBZONBS. 

Am.  biplex. 

Diteina  latisaima. 

Exogyra  virgula. 

Am.  altemans. 

Ottrea  deltoidea. 

Away  from  the  coast  we  are  mainly  dependent  upon  brickyards, 
etc.,  for  our  knowledge  of  the  Kimeridge  Clay,  so  that  the  divisions 
cannot  be  made  out  with  certainty  in  all  places.  Of  course  it  is 
obvious  that  the  fauna  of  Hartwell,  for  instance,  differs  entirely 
from  that  of  Ringstead  Bay,  although  for  purposes  of  mapping  both 
are  included  in  the  Kimeridge  Clay.  We  quite  agree  with  the 
author  that  '*  it  is  not  possible  to  be  consistent  in  all  our  dealings 
with  these  formations  without  detailed  and  long-continued  hunting 
for  fossils."     Even  then  much  remains  to  be  explained. 

In  the  East  Midlands  the  observations  of  Blake  have  been  sup- 
plemented by  those  of  Roberts,  and  it  is  to  the  palsaontological 
researches  of  these  writers  that  we  are  indebted  for  most  of  our 
knowledge  of  the  Kimeridge  Clay  in  the  counties  of  Cambridge, 
Norfolk,  and  Lincoln.  In  the  Isle  of  Ely,  Roberts  recognized  15  ft 
of  Upper  Kimeridge  with  Discina  latisaima  and  Exogyra  virgula^ 
and  BUft.  of  Lower  Kimeridge  with  Ammonites  alternans,  Astarte 
inpracorallinQf  and  Osirea  deltoidea.  It  is  noteworthy  that  here 
Exogyra  virgula  is  regarded  as  an  Upper  Kimeridge  form. 

Portland    Beds    (Portlandian). — Declining   to    accept    the    term 

'*  Bolonian "    for  any   of    these   beds,   Mr.  Woodward  adopts   the 

following  grouping: — 

Upper  Portland  Beds    ....     Portland,  Tisbury,  and  Swindon  Stones. 
Lower  Portland  Beds    ....     Portland  Sand,  Swindon  and  Hartwell  Clays. 

He  further  remarks  that  the  zones  of  the  Portland  beds  most 
generally  adopted  are  those  of  Am.  gigauteus  and  Am.  gig  as,  the 
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leading  fossils  of  each,  some  of  them  being  taken  to  indicate  sobzoncd, 
being  mentioned.  Owing  to  the  earlier  incoming  of  "  PortlandlHn 
conditions"  in  some  parts  of  the  Continent,  we  consider  that  the  be<l8 
so  identified  are  partially  homotaxial  rather  than  synchronous ;  this 
is  particularly  well  seen  in  the  case  of  certain  Trtgouia  and  other 
characteristic  shells  of  the  more  estuarine  beds.  The  zone  of 
Am.  gigas  in  this  country  is  a  conventional  one,  and  if  we  must 
have  an  Ammonite  to  represent  the  Aatarte  Sitmanni-heds  of 
Swindon,  Am,  pectinatus  would  seem  more  appropriate. 

The  local  details  of  the  Portland  beds  vary  greatly  in  the  several 
districts ;  yet,  notwithstanding  certain  differences  in  lateral  develop- 
ment, these  beds  have  been  correlated  by  Prof.  Blake,  llie  building 
stones  are  not  always  on  the  same  horizon ;  the  main  building 
stones  of  the  Vale  of  Wardour,  for  instance,  occupying  a  lower 
position  than  those  of  the  Isle  of  Portland.  The  Isle  of  Purbeck 
presents  us  with  the  most  massive  development  of  Portland  rocks, 
but  they  are  less  interesting  from  a  palasontological  point  of  view 
than  those  of  Portland  Isle  and  the  Vale  of  Wardour,  whilst  the 
Upper  Portland  beds  of  Swindon  are  quite  abnormal  in  their  de- 
velopment. Again,  a  very  distinct  type  of  beds,  smaller  in  volume 
but  often  richly  fossiliferous,  occurs  in  Buckinghamshire.  It  hns 
always  seemed  to  us  that  there  are  evidences  of  considerable  wasting; 
of  Portland  beds,  very  noticeable  in  the  Isle  of  Purbeck  and  in  the 
Vale  of  Wardour,  before  the  Purbeck  strata  were  laid  down :  these 
evidences  Mr.  Woodward  seems  inclined  to  minimize. 

Purbeck  Beds  (Purbeckian). — These  attracted  the  notice  of 
geologists  at  an  early  period,  so  that  there  is  a  considerable  literature 
on  the  subject.  The  present  volume  supplies  us  with  a  useful 
summary,  besides  including  many  details  now  for  the  first  tin;e 
published.  The  author,  no  doubt,  rejoices  that  at  length  he  is  free 
from  the  necessity  of  recognizing  Ammonite-zones,  though,  as  he 
remarks,  ''our  Purbeck  strata  may  be  equivalent  to  beds  on  the 
Coutinent  with  a  marine  fauna  and  grouped  in  the  zone  uf 
Am,  tranaitorim,**  In  the  Alpine  region  we  may  regard  them 
as  corresponding  in  the  main  with  the  Upi)er  Tithonian,  whilst  iu 
the  north-east  of  England  **  they  may  be  in  part  equivalent  to  the 
zone  of  Belemnites  lateralis  of  the  Spilsby  Sandstone  and  Speetou 
beds."  This  latter  correlation  was  indicated  by  Pavlow,  and  soems 
a  very  reasonable  supposition. 

The  chief  points  of  a  controversial  character  in  connection  with 
the  Purbecks  are :  (1)  the  exact  nature  of  their  relationship  to  the 
underlying  Portlands,  and  (2)  where  to  draw  the  line  between 
Jurassic  and  Cretaceous  in  the  great  fresh-water  series,  which,  in 
this  country,  occupies  an  episodal  interval  between  the  marine  beds 
of  these  two  great  systems.  On  this  latter  point  the  correlation  of 
the  Purbeck  beds  of  the  English  Channel  with  those  of  other 
localities  opens  up  some  interesting  questions.  This  is  especially 
the  case  as  regards  the  Vale  of  Wardour,  where  Messrs.  Woodward 
and  Strahan  demur  to  the  conclusions  of  Messrs.  Andrews  and  Jukes- 
Browne  to  the  effect  that  strata  hitherto  regarded  as  Wealden  should 
be  classed  with  the  Upper  Purbeck. 
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Not  the  least  interesting  portion  of  tlie  volume  is  that  relating  to 
the  '*  underground  "  Oolitic  rocks,  whose  existence  has  been  indicated 
of  late  years  over  a  considerable  area  by  boring  operations.  In  the 
ujap  forming  the  frontispiece  is  shown  the  area  occupied  by  Oolitic 
rocks  which  are  directly  covered  by  Neooomian  or  Cretaceous  beds, 
whilst  oertain  areas  are  left  uncoloured  where  it  is  probable  that 
PalfiBOZoic  rocks  directly  underlie  the  post- Jurassic  strata.  If  the 
aathor  be  correct  in  his  delineations,  the  area  of  *'  underground " 
Oolitic  rocks  fully  equals,  if  it  does  not  exceed,  the  outcrop.  The 
Purbeck  beds  of  Battle  are  indicated,  we  presume,  on  the  map  by 
three  little  inliers,  whose  total  outcrop  must  be  very  small.  Many 
diagrammatic  sections  also  illustrate  this  portion  of  the  work. 

As  regards  illustrations  generally,  this  volume  is  not  more 
fortunate  than  its  predecessors  in  the  series.  The  figures  of  fossils 
are  numerous,  and,  on  the  whole,  fairly  characteristic,  but  in  some 
cases  they  are  indistinctly  printed,  and  the  same  may  be  said  of 
many  of  the  sections.  But  the  rendering  of  several  of  the  photo- 
graphs is  positively  disastrous :  such  cuts  as  Figs.  80,  92,  and  102 
are  mere  smudges,  and  there  are  others  almost  as  bad.^  On  the 
ulher  hand,  the  "Fossil  elephant"  at  Portisham  comes  out  pretty 
well.  We  may  feel  sure  that  these  shortcomings  are  not  due  to  any 
fault  on  the  part  of  the  photographers  ;  can  it  be  that  such  unhappy 
results  are  owing  to  the  parsimony  of  the  **  Lords  Commissioners  of 
Her  Majesty's  Treasury  "  ? 

In  all  other  respects  the  volume  is  most  satisfactory.  The  scenery, 
economic  products,  and  water  supply  of  the  Middle  and  Upper 
Oolites  come  in  for  their  share  of  attention.  Exhaustive  lists  of 
iossils  are  given,  and  the  promised  bibliography  of  the  Jurassic 
rocks  of  the  British  Isles  is  now  published.  Nothing  has  been 
umitted  on  the  part  of  Mr.  Woodward  and  his  colleagues  to  render 
the  "Jurassic  Rocks  of  Great  Britain  "  a  work  of  the  highest  utility 
and  importance.  The  author  of  this  latest  volume  is  especially  to  be 
congratulated  on  the  accuracy  of  his  observations,  on  the  impartiality 
of  his  decisions,  and  on  the  many  proofs  which  the  work  affords  that 
1^6  possesses  a  grasp  of  the  subject  such  as  constant  application  in 
the  study  and  long  experience  in  the  field  alone  can  give. 


IV.— Fishes,  Living  and  Fossil:  an  Outline  of  their  Forms 
AMD  Probable  Relationships,  iiy  Bashford  Dean,  Ph.D. 
Pp.  xiv,  300,  with  344  Woodcuts  and  Frontispiece.  New  York 
and  London  :  Macmillan  &  Co.,  1895. 

PALEONTOLOGY  is  gradually  beginning  to  occupy  a  prominent 
position  in  biological  textbooks.  Zoologists  and  botanists  of 
the  rising  school  are  more  and  more  convinced  of  the  impossibility 
of  airiviiig  at  the  fundamental  principles  of  the  world  of  life  merely 
l>y  reference  to  its  surviving  representatives.  To  Dr.  Basliford 
iWn,  however,  we  are  probably  indebted  for  the  boldest  acknow- 

*The  Stationery  Office  has  reprinted  Figs.  80  and  92. — Reviewer, 
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lodgment  that  baa  hitherto  been  made  of  the  prime  importance  of 
the  snooeftsion  of  life  in  geological  time  in  determining  questions 
both  of  morphology  and  of  olassifioation.  We  have  before  us  his 
new  volume  on  fishes,  just  issued  in  the  Columbia  University 
Biological  Series,  which  not  merely  associates  the  living  and  fossil 
forms  in  its  title,  but  is  permeated  throughout  with  a  philosophy 
which  no  amount  of  study  of  existing  fishes  would  suggest.  This  is 
as  it  should  be,  and  we  are  delighted  to  welcome  a  departure  which 
is  likely  to  be  followed  by  many  similar  essays. 

Ichthyology,  of  course,  does  not  strictly  fall  within  the  province 
of  our  pages,  but  we  are  especially  concerned  with  the  palsBonto- 
logical  basis  on  which  it  must  rest;  and  readers  of  the  Gkologioal 
Magazine  will  find  many  features  of  great  interest  in  this  latest 
contribution  from  the  University,  which  the  late  Dr.  Newberry's 
writings  have  made  famous  in  the  annals  of  Oeology  and  Palfeon- 
tology.  We  propose  to  review  the  work  from  the  palseontological 
point  of  view,  referring  more  particularly  to  the  original  matter 
which  Dr.  Dean  himself  has  added  to  his  summary  of  previous 
research. 

A  brief  introductory  chapter  on  the  adaptation  of  fishes  to  life  in 
a  watery  medium  is  followed  by  a  table  of  classification  closely 
resembling  that  adopted  in  the  British  Museum  Catalogue  of  Fossil 
Fishes.  Next  comes  a  second  table  showing  the  distribution  of 
fishes  in  geological  time,  mainly  based  on  Zittel's  well-known 
"  Handbuch."  In  this,  however,  a  few  small  errors  have  escaped 
correction,  notably  the  extension  backwards  of  the  Acipenseroids 
and  Lepidosteoids  to  the  Upper  Silurian,  the  Clupeoids  to  the  Trias, 
and  Frisiiophorus  to  the  Trias  and  Permian.  Nor  are  any  undoubted 
Arthrodira  known  above  the  lowest  Carbonit'erons.  In  fact,  in 
some  of  these  respects  the  table  does  not  agree  with  statements  in 
the  text  further  on. 

After  these  preliminaries  Dr.  Dean  considers  the  evolution  of  the 
structures  characteristic  of  fishes,  and  again  makes  numerous 
references  to  the  facts  of  palsdontology  in  their  bearing  on  the 
subject.  This  chapter  is  for  the  most  part  admirable  and  well  up  to 
date  in  every  respect^  besides  containing  important  new  facts  con- 
cerning the  fiu-structures  of  the  primitive  Carboniferous  shark, 
Cladoselachey  to  our  knowledge  of  which  Dr.  Dean  has  already 
mac'e  several  contributions.  We  have  only  minor  faults  to  find 
with  the  author's  treatment  of  the  subject.  The  researches  of 
Jaekel,  for  instance,  now  make  it  doubtful  whether  the  Permian 
I'leurncnnths  had  more  than  ^\q  branchial  arches  (p.  16).  Fig.  33 
(p.  89)  represents  a  dorsal  fin-spine  of  the  Carboniferous  Lepra* 
canlhm,  not  Bybodua  as  labelled.  The  spine  marked  R  iu  the  fin  of 
ParexuB  {^g,  51)  is  a  dermal  structure  not  homologous  with  the 
cartilages  similarly  lettered  in  the  accompanying  figures ;  but  here 
Dr.  Dean  appears  to  frame  an  hypothesis  that  cartilages  are  clustered 
in  its  interior.  Finally,  we  have  never  observed  the  pineal  foramen 
in  Ctenodus  and  PaladnphuB  noticed  on  p.  55, 

Th»  Lampreys  and  their  allies  form  the  subject  of  chapter  iii. 
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Here  Dr.  Dean  definitely  places  the  remarkable  Devonian  fossil 
Palaospondylua  Qunni,  which  '*  seems  undoubtedly  a  Lamprey." 
The  Ostraooderms  are  also  provisionally  associated  with  these 
primitive  vertebrate  animals,  and  they  are  arranged  in  accordance 
with  the  British  Museum  Catalogue.  Dr.  Dean  points  out  the 
close  resemblance  between  the  labial  plates  of  Pterichthys  and  the 
form  of  the  sides  of  the  mouth  in  the  Lamprey.  He  also  makes 
the  interesting  announcement  that  from  personal  observation  he 
considers  the  so-called  paired  fins  of  Falaaspia  (Claypole)  are 
"  merely  Elasmobranchian  (Chimaaroid  ?)  spines,  in  crushed  con- 
dition, accidentally  associated  with  the  head  region  of  the  fossil." 
The  figures  illustrating  this  section,  however,  are  less  satisfactory 
than  they  might  have  been.  The  restoration  of  Pteraspis  does 
not  show  the  strongly  convex  ventral  shield ;  and  the  figures  of 
Pterichthys  do  not  exhibit  the  correct  position  of  the  labial  plates 
or  the  large  proportions  of  the  caudal  fin.  There  is  also  a  mis- 
apprehension in  the  statement  (p.  69)  that  the  paired  appendages 
of  Pterichthys  "are  now  known  to  be  nothing  more  than  the 
lateral  head  angles  produced  and  specialized  (t.e.  jointed  for  loco- 
motion)." The  appendages  in  question  never  have  any  connection 
with  the  head-shield,  but  are  fixed  to  a  thickened  part  of  the 
body-armour. 

The  sharks,  as  might  be  expected,  are  very  fully  treated  from 
the  palaeontological  aspect  in  chapter  iv.  The  most  important 
perhaps  of  all  PalsBozoio  sharks,  Cladoselache,  from  the  Lower  Car- 
boniferous of  Ohio,  occupies  the  foremost  place.  All  the  known 
species  of  this  shark  are  of  relatively  small  size,  varying  in  length 
from  two  to  six  feet.  In  general  aspect  it  is  much  like  a  modern 
shark,  with  a  small  horizontal  keel  on  each  side  at  the  base  of  the 
tail.  In  many  ways,  on  the  other  hand,  it  is  the  most  generalized 
of  known  sharks: — "Its  paired  fins  are  but  the  remnants  of  the 
lateral  fold,  serving  as  balancers;  the  tail,  curiously  specialized,  is 
widely  heterocercal,  its  hinder  web  lacking  supports  in  the  upper 
lobe;  the  vertebral  axis  is  notochordal ;  and  the  writer  now  finds 
that  an  exceedingly  simple  condition  existed  in  the  neural  and 
haemal  arches ;  they  prove  to  be  of  moderate  size  and  thickness, 
each  a  tapering  rod  of  cartilage,  forked  at  its  base  ;  each  body 
segment  contains  a  single  neural  and  haemal  spine,  closely  alike 
in  size.  Unlike  modern  sharks,  Cladoselache  was  without  claspers : 
its  eggs  must  have  been  fertilized  after  their  deposition,  fis  in  the 
majority  of  fishes  other  than  Elasniobranchs.  The  gill  openings, 
at  least  seven  (probably  nine)  in  number,  appear,  as  in  the  restora- 
tion, to  have  been  shielded  anteriorly  by  a  dilated  dermal  flap. 
A  spiracle  was  probably  present.  The  jaws  were  slender,  and 
apparently  hyostylic ;  the  teeth  are  of  the  pattern  of  shagreen 
dt-nticles,  but  occur  in  clusters  (*  Cladodm*),  The  mouth  was 
t*Tminal  in  its  position.  The  nasal  capsule  was  apparently  not 
connected  with  the  mouth  by  a  dermal  flap.  The  eye  was  pro- 
tected by  several  rings  of  rectangular  plates,  clearly  shagreen- like 
in    character.      The   integument   was   finely  studded   with   minute 
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lozeDge-Bhaped  denticles,  and  was  everywhere  lacking  in  membrane- 
bones.     The  lateral  line  retained  its  groove-like  character/' 

Cladoselache  is  the  type  of  a  new  order,  Pleuropterygii,  and  that 
of  Acanthodii  immediately  follows  in  Dr.  Dean's  classification.  We 
do  not  agree  with  this  association,  but  there  is  perhaps  much  reason 
for  dififerences  of  opinion  in  the  present  state  of  knowledge  of  the 
endoskeletoii  of  all  these  early  Palssozoic  fishes.  We  are,  however, 
certain  that  in  his  amended  restoration  of  Aeanihodes^  Dr.  Dean  has 
made  the  eye  very  much  too  small ;  and  there  is  another  unfortunate 
mistake  in  his  emendation  of  Fritsch*s  figure  of  Plevracanthus,  where 
a  large  coprolite  (specially  noted  by  Fritsch)  is  made  to  do  duty  for 
the  pelvic  cartilage.  From  an  examination  of  the  original  specimen, 
we  are  also  convinced  that  the  so-called  **  dermal  bones  of  the  head 
roof  of  Pleur acanthus,**  copied  from  Davis  in  fig.  90b,  are  merely 
an  imaginative  reconstruction  of  an  indeterminable  fossil,  which  may 
or  may  not  be  part  of  an  Elasmobranch  skeleton.  The  general 
results  of  modern  research,  however,  are  admirably  summarized  in 
the  letterpress,  and  the  general  conclusion  is  arrived  at  that  "of  all 
known  stems  that  of  the  shark  is  most  nearly  ancestral  in  the  line  of 
jaw-bearing  vertebrates." 

The  chapter  on  Chimseroids  is  naturally  brief,  and  oontains  no 
new  matter;  but  there  are  two  original  restorations  of  the  head  of 
Squaloraja  and  Myriacanthus  to  show  the  position  of  the  peculiar 
rostral  spine.  The  fossil  genera  referred  to  the  Dipnoi  and  the 
doubtfully  distinct  Arthrodira,  are  treated  more  from  personal  ob- 
servation. There  is  a  good  new  restoration  of  the  Devonian  Dipnoan 
Dipterus,  another  of  Phaneropleuron  ;  a  modified  restoration  of 
CoccosteuSf  in  which  the  upper  dorsal  fin-supports  are  made  to 
form  a  slight  lobe,  while  the  tail  is  nearly  diphycercal;  an  entirely 
new  restoration  of  Dinichthys  much  on  the  plan  of  Coccosteus,  and 
a  page  of  sketches  of  the  mandible  of  Arthrodira,  from  the  Cleve- 
land Shale  of  Ohio.  The  latter  are  particularly  interesting  as 
showing  the  remarkably  varied  modifications  of  the  teeth  in  these  old 
armoured  fishes.  Mylostoma,  for  instance,  with  loose  grinding  teeth, 
is  now  definitely  proved  to  belong  to  this  group,  although  most  of 
the  genera  have  either  conical  or  shear-like  teeth.  On  the  whole 
Dr.  Dean  is  inclined  to  believe  that  the  Arthrodira  differed  more 
widely  from  the  typical  Dipnoi  than  did  these  from  the  ancient 
sharks.  They  may,  he  thinks,  be  ultimately  regarded  as  worthy  of 
rank  as  a  class. 

The  Teleostomi  seem  to  be  less  satisfactorily  treated  than  the 
previous  groups.  This  is  pix>bably  due  to  their  great  numbers  and 
innumerable  variations.  They  are  subdivided  into  Crossopterygii 
and  Actinopterygii,  and  Dr.  Dean  admits  that  the  former  may  have 
been  ancestral,  not  only  to  the  latter,  but  also  to  the  Dipnoi. 
A  slightly  amended  restoration  of  Holoptychins  is  given,  and  there  is 
a  copy  of  Whiteaves'  restoration  of  Eusthenopteron ;  but  the  other 
two  figures  illustrating  the  more  primitive  Orossopterygians  are 
unfortunately  Pander's  restorations  of  Gyroptychius  and  Osteolepis^ 
which  modern   researches   have  proved   to   be  in   many   respeota 
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inaoonrate.      There  is  also   the  first  attempt  at  a  restoration   of 

Ceeliieanthu8,  based  on  the  fine  specimens  from  the  Coal-measures 

of  Ohio  ;     and   another   less   satisfactory   restoration   is   given   of 

DifHurus^  from  the  Trias  of  New  Jersey.     The  Actinopterygians  are 

merely    subdivided    into    the    Chondrosteans    (Qauoids)    and    the 

Teleocephali   (Teleosts),  an  arrangement  scarcely  adequate  to  our 

present  knowledge  of  the  subject.      Of  Mesozoic  Actinopterygians 

good  figures  are  copied  from  Traquair  and  Zittel,  but  the  series  is 

spoiled  by  the  insertion  of  three  very  erroneous  early  attempts  by 

Agassiz  to  show  the  principal  features  of  Rhabdolepis  mncropierwi, 

Caturus  furcatus,  and  Leptolepis  spratti/ortnia.     The  last  two  figures, 

as  also  those  by  Pander,  are  wrongly  ascribed  to  the  writer  of  this 

review.     So  little  is  known  of  the  ancestry  of  the  groups  of  true 

bony  fishes,  that  Dr.  Dean  makes  little  or  no  reference  to  the  fossil 

forms,   merely  attempting  a  theoretical  diagram  to  illustrate  their 

evolution.     The  final  chapter  of  the  book,  however,  shows  that  the 

eitinct  forms  must  be  relied  upon  almost  entirely  to  determine  this 

evolution ;  for,  in  treating  of  the  development  of  fishes,  the  author 

particularly  emphasizes  the  fact  that  their  embryology   seems   to 

afford  scarcely  any  clue  to  the  solution  of  problems  of  descent.     The 

latest  results  from  the  study  of  the  embryos  of  many  groups  are  all, 

iudeed,  very  inconclusive,  and  most  of  them  are  not  even  suggestive. 

As  Dr.  Dean  remarks,  **  adaptive  characters  have  entered  bo  largely 

iato  the  plan  of  the  development  of  fishes,  that  they  obscure  many 

of  the   features   which    might    otherwise    be    made   of   value   for 

comparison." 

The  work  concludes  with  an  extremely  useful  and  carefully 
prepared  bibliography,  a  list  of  derivations  of  proper  names,  antl 
a  number  of  diagrams  and  tables  of  fish  anatomy,  to  show  at  a  glance 
the  differences  between  one  group  and  another.  It  is  a  volume 
indispensable  to  all  who  desire  a  general  acquaintance  with  the 
subject  of  which  it  treats,  and  students  are  much  indebted  to  the 
author  for  having  furnished  them  for  the  first  time  with  a  thoroughly 
up-to-date  handbook.  A.  Smith  Woodwaud. 


G  BO  LOGICAL  Society  of  London. 

,  February  5th,  1896.— Dr.  Henry  Woodward,  F.R.S.,  President, 
»n  the  Chair.     The  following  communications  were  read  : — 

1.  "  On  the  Morte  Slates  and  Associated  Beds  in  North  Devon  and 
Weat  Somerset.— Part  I."     By  Henry  Hicks,  M.D.,  F.R  S.,  F.G.S. 

In  a  paper  read  before  the  Society  in  1890  the  author  stated  that 
lie  had  found  the  Morte  Slates  to  be  fossil iferous,  and  had  come  to 
tl«e  conclusion  that  they  were  the  oldest  rocks  in  the  North  Devon 
•'ea,  and  had  been  thrust  over  much  newer  rocks,  producing 
•  deceptive  appearance  of  conformity  ;  and  that  there  was  not  a  con- 
^Qona  upward  succession  in  the  rocks  from  the  Bristol  Channel 
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to  the  neighbourhood  of  Barnstaple.  Since  that  paper  was  read 
the  author  has  obtained  much  additional  evidence  bearing  on  th< 
succession,  which  is  given  in  the  present  paper  so  far  as  the  posittoi 
and  nge  of  the  Morte  Slates  in  the  Ilfraoombe  area  are  concerned. 

The  author  describes  the  lithological  characters  and  fossil  content! 
of  the  Morte  Slates,  and  their  relationship  to  the  Pickwell  Dowi 
Sandstones  and  Ilfracombe  Beds,  treating  of  the  deyelopment  of  thi 
rocks  in  four  areas,  viz. :  Morthoe  and  Woolacombe  to  Bittadon 
Hockham  Bay,  Bull  Point,  Lee,  and  Slade ;  Mallacott,  Shelfin,  anc 
Ilfracombe;  and  Woolscott  Barton,  Smithson,  and  Berry  Down 
I'he  great  abundance  of  detrital  mica  in  the  Ilfracombe  Beds  anc 
Pickwell  Down  group,  and  its  almost  entire  absence  from  th< 
^lorte  Slates,  are  noticed.  The  faulted  junction  of  the  Pickwell  Dowi 
Sandstones  and  Morte  Slates  is  described,  and  it  is  held  that  ihi 
faulting  has  not  thrust  older  beds  over  newer,  as  maintained  bj 
Jukes,  but  that  the  order  of  succession  is  the  original  one,  whereai 
the  overthrust  fault  separates  the  Morte  Slates  from  the  now  under 
lyiug  though  newer  Ilfracombe  Beds,  which  often  dip  away  iron 
the  Morte  Slates,  while  different  members  of  the  Ilfracombe  seriei 
abut  against  the  Morte  Slates,  so  that  the  latter  form  a  complei 
group  of  older  rocks  bounded  on  either  side  by  newer  strata.  Thi 
author  states  that  the  fossils  found  in  the  Morte  Slates  belong  tx 
several  horizons,  some  probably  as  low  in  position  as  the  base  o: 
the  Silurian  (Upper  Silurian  of  the  Geological  Surveyors),  wbih 
none  of  the  beds  of  the  series  appear  to  be  newer  than  the  oldei 
Devonian.  In  some  places  newer  rocks  may  occur  amongst  then 
as  the  result  of  faulting  or  unconformity,  but  not  in  order  o: 
succession. 

A  description  of  the  species  found  in  the  Slates  is  appended  t< 
the  paper. 

2.  ''  Evidences  of  Glacial  Action  in  Australia  in  Permo-Carbon 
iferous  Time."     By  Prof.  T.  W.  Edgeworth  David,  B.A.,  F.G.S. 

Tlie  author,  after  summarizing  the  work  of  previous  observers 
gives  nn  account  of  recent  observations  made  by  himself. 

In  Hallett's  Cove,  near  Adelaide,  the  pre-Camhrian  rocks  an 
strongly  glaciated,  striaa  being  seen  when  the  overlying  glacial  bedi 
are  removed,  as  sharply  cut  as  though  caused  by  recent  glacia 
action,  and  trending  nearly  north  and  south,  the  ice  having  com< 
from  the  south.  The  overlying  glacial  beds  are  in  places  fairlj 
stratified,  while  parts  contain  abundance  of  well-striated  boulders 
these  beds  are  from  23  to  over  100  feet  thick.  Proofs  were  obtainec 
that  in  this  case  the  glaciatinn  occurred  in  an  age  intermediate 
between  Miocene  and  pre-Cambnan,  and  probably  did  not  antedate 
the  close  of  the  Palaeozoic  period. 

In  Wild  Duck  Creek,  near  Heathcote,  Lower  Silurian  (Ordovician] 
beds  exhibit  strongly -grooved,  polished  surfaces,  the  grooves  beinf 
from  S.  5°  E.  to  N.  6°  W.,  the  ice  probably  having  come  from  th< 
South.  They  are  succeeded  by  Permo-Carboniferous  glacial  beds 
Consisting  chiefly  of  mudstones  with  well-glaciated  boulders. 

At  Bacchus  Marsh,  Ordovician  beds  are  also  well  striated  an( 
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polished,  and  more  or  less  moutonnie.  Here  also  the  ice  oame  from 
a  southerly  point  These  heds  are  suooeeded  hy  Permu-Carbon- 
iferous  glacial  beds  having  an  approximate  thickness  of  at  least  2000 
feet,  oousisting  of  madstones  with  well -glaciated  boulders. 

It  is  extremely  probable  that  the  glacial  beds  of  Bacchus  Mnrsh, 
Wild  Dock  Creek,  and  Springhurst  in  Victoria  were  of  homoUxial 
if  not  oonteroporaneons  origin,  and  they  may  probably  be  correlated 
with  the  glacial  conglomerates  at  Mount  Reid  in  Tasmania,  these 
correlations  being  mainly  based  on  lithological  evidence.  The 
evidence  for  the  correlation  of  the  Bacchus  Marsh  glacial  beds  with 
the  erratic-bearing  Permo-Carboniferous  mudstones  of  Maria  Island, 
One  Tree  Point,  and  Bruni  Island  in  Tasmania,  of  Maitland,  Branxton, 
and  Orasstree  in  N.S.  Wales,  and  of  the  Bower  River  coalfields  in 
Queensland,  is  that  the  genus  Oangamopteria  is  distributed  somewhat 
abundantly  throughout  the  formations  in  all  these  localities. 

This  glaciation  was  probably  homotaxial  with  that  of  the  period 
of  the  Dwyka  Conglomerate  and  Eoca  Beds  of  Southern  Africa, 
and  of  the  Talchir  Group  of  the  Salt  Range  of  India,  the  Boulder 
Beds  in  Western  Rajputana,  and  the  Panj&h  Conglomerates  of 
Kashmir.  In  the  case  of  Southern  Africa  and  India,  as  in  that 
of  Australia,  the  general  direction  in  which  the  ice  moved  appears 
to  have  be«;n  from  south  to  north.  In  the  Bacchus  Marsh  beds  there 
are  at  least  nine  or  ten  distinct  boulder-beds  separated  by  sandstones 
and  conglomerates  ;  this  may  possibly  indicate  a  sequence  of  glacial 
periods  separated  by  milder  iuterglacial  periods.  The  glacial  con- 
ditions in  Australia  may  have  been  prolonged  into  early  Mesozoic 
times,  as  indicated  by  the  Mesozoic  facies  of  certain  plants  in  the 
uppermost  glacial  beds  of  Bacchus  Marsh. 


Royal  Physical  Society  of  Edinburgh. 

February  19th,  1896.— Prof.  Strnthers,  M.D.,  LL.D.,  in  the  Chair, 
Mr.  J.  S.  Flett,  M.B.,  B.Sc,  read  a  paper  on  his  *'  Discovery  in 
Orkney  of  the  John  o'  Groat's  Horizon  of  the  Old  Red  Sandstone." 
The  strata  examined  and  described  in  this  paper  were  in  the  parish 
of  Deemess,  on  the  mainland  of  Orkney,  and  from  them  he  had 
obtained  Microbrachius  Dicki  (Peach),  Dipterua  macropterus,  Traq., 
and  Trisiichopterus  alatus,  Egert.,  species  which  had  hitherto  been 
foand  only  in  the  John  o'  Groat's  beds  in  the  north-east  of  Caithness. 
The  identification  of  these  fishes  was  confirmed  by  Dr.  Traquair,  to 
whom  Mr.  Flett  had  submitted  his  specimens  for  examination. 


Gkolooists*  Association.  —  At  the  Annual  Meeting  of  the 
Association,  held  on  Feb.  7th,  1896,  Mr.  E.  T.  Newton,  F.R.S.,  was 
elected  President,  and  Mr.  H.  W.  Monckton  was  elected  Excursion 
Secretary  in  the  room  of  Mr.  T.  Leighton,  who  for  a  number  of 
years  has  filled  that  arduous  office  with  great  success.  The  retiring 
President,  Lieut. -General  C.  A.  McMahon,  read  an  address  on 
"Some  Structural  Characteristics  of  the  Granite  of  the  N.W. 
Himalayas/'  illustrated  by  numerous  lantern- slides. 
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HEIGHTS   OF  CHALK. 

Sir, — I  am  glad  that  Mr.  Lam  pi  ugh  has  corrected  me  as  to  the 
greatest  height  of  the  northern  Chalk.  Oarrowhy  Hill  seems  to  lie 
near  the  edge  of  the  elevated  area ;  in  going  over  the  sheets  of  the 
Ordnance  Map  I  had  not  noticed  its  exceptional  height;  I  have 
never  been  in  that  part  of  the  district 

Besides  this  correction  another  has  to  be  made.  I  wrote  :  "  Mr. 
Deeley  tells  us  that  Chalk-drift  is  found  in  Leicestershire  up  to 
800  feet."  But  his  actual  words  are:^  "At  Tilton.  one  of  the 
highest  points  in  East  Leicestershire  " ;  he  makes  no  definite  state- 
ment of  height.  The  ground  at  Tilton  rises  to  700  feet ;  the  figures 
800  are  a  slip  of  my  own  memory.  So  I  have  not  only  made  an 
incorrect  statement,  but  made  Mr.  Deeley  seem  responsible  for  it. 

January  24M,  1896.  E.  HlLL. 


ON  THE  APPENDAGES   OF  TRILOBITES. 

Sir, — At  the  present  time,  when  the  important  researches  on  the 
structure  of  Trilobites,  recorded  of  late  years,  have  highly  excited 
the  interest  of  palaBontologists  upon  this  subject,  I  hope  you  will 
permit  me  to  call  attention  to  an  observation  on  the  antennas  of 
these  fossils  made  by  Linnaeus  upwards  a  hundred  and  forty 
years  ago,  and,  as  far  as  I  know,  never  referred  to.  In  the  Pro- 
ceedings of  the  Swedish  Academy  of  Science  ("  Svenska  Vetena- 
kaps-academiens  Handlingar"),  vol.  xx,  issued  in  1759,  Linnaeus 
communicated  an  article  entitled  **  Petrificatet  Entomolithus  para- 
doxus, s^dant,  som  det  finnes  uti  Hans  Excellence  Biks-R^dets 
Hogoai borne  Herr  Grefve  C.  G.  Tessins  Samling."  A  specimen 
of  Parabolina  spinulesaj  Wahletib.,  is  there  figured,  tab.  i,  fig.  1, 
showing  one  pair  of  antennae  at  their  true  place ;  and  from  the 
accompanying  description  it  appears  that  the  author  attached  due 
importance  to  the  presence  of  these  organs.  His  words  relative  to 
them  (pp.  21,  22)  run  thus,  translated  into  English :  *•  Fig.  1  is 
one  of  the  clearest  specimens  I  ever  saw  among  so  many  thousands. 
Most  remarkable  in  this  specimen  are  the  antennae  in  the  front,  which 
I  never  saw  in  any  other  example,  and  which  clearly  prove  this  fossil 
to  belong  to  the  insects'*  (=Arthropoda),  The  specimen  in  question 
had  been  found  by  Dr.  Tidstrom,  and  was  shown  to  Linnaeus,  as 
seen  above,  by  the  Count  C.  G.  Tessin.  This  reference  to  an  old 
observation  can  by  no  means  abate  anything  of  the  value  of  the 
brilliant  discoveries  of  our  days,  but  justice  demands  this  discovery 
of  Linnaeus  to  be  rescued  from  the  oblivion  into  which  it  seems  to 
have  sunk.  gy,  Lkonk.  Tornquist, 

Lund  (Swbdbn),  Fehruaryy  1896. 

^  Quart.  Joum.  Oeol.  Soc.,  vol.  xlii,  p.  463. 
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THE  NAMING  OF  NEW  SPECIES. 

Sib, — Has  not  Mr.  Bather  made  a  slip  in  the  oonfitrnotion  of 
the  speoifio  name  for  the  new  Crinoid  described  in  your  February 
Number  ?  If  be  means  to  connect  it  with  the  county  of  Shropshire, 
as  having  been  found  on  Salopian  soil,  surely  the  name  should  be 
Meroerintu  8olopicu8,  just  as  we  have  Megaeeros  Hihernicus,  M, 
Salopiensis  would  not,  I  think,  be  incorrect,  but  M,  Salopia  means 
that  it  is  named  after  some  fair  nymph  or  lady  of  the  name  of 
Salopia. 

I  am  glad  that  Mr.  Bather  preferred  to  associate  the  fossil  with 
the  district  in  which  it  was  found  rather  than  to  pay  its  finder  the 
doubtfal  compliment  of  naming  it  after  him ;  and  I  would  take 
tlie  present  opportunity  of  pointing  out  to  those  who  feel  compelled 
to  associate  a  man's  name  with  any  new  species  they  have  to 
describe,  that  the  adjectival  form  of  a  proper  name  is  not  only 
more  correct,  but  is  generally  much  more  euphonious.  Thus,  if  it  is 
desired  to  commemorate  someone  of  the  name  of  Jones,  Jonesianvs 
is  much  better  than  Jouesii;  and  if  the  name  were  Bell,  Bellinus 
would  pass,  while  everyone  would  shrink  from  Bellii  or  Belli, 

For  my  own  part,  I  made  a  vow  long  ago  that  I  would  never 
attach  a  man's  name  to  a  new  species,  and  I  have  kept  it. 

TiioxMOUTH,  Fcbruaty6thj  1896.  A.  J.  Jukes-Brownb. 


OBITTJ.A.I^ir- 


SEKIYA     SEIKEL 

Born  in  1855.  Died  January  9th,  1896. 

All  who  are  interested  in  volcanic  and  seismic  phenomena  wiU 
learn  with  regret  that  on  January  9th,  after  an  illness  the  first 
symptoms  of  which  showed  themselves  in  1876,  Professor  S.  Sekiya 
breathed  his  last.  He  was  born  in  1855,  the  year  of  the  Ansei 
earthquake  which  devastated  the  Tokio  plain.  His  attention  was 
first  directed  to  the  serious  study  of  earthquakes  about  1880,  and  in 
1886  he  was  appointed  to  the  newly  created  Chair  of  Seismology 
in  the  Imperial  University  of  Japan.  Although  he  wrote  much  in 
Japanese,  his  publications  in  English,  which  for  the  most  part 
appeared  in  the  Science  Journal  of  his  own  College  and  in  the 
Transactions  of  the  Seismological  Society,  in  themselves  testify  to 
his  industry  and  ability.  The  construction  of  a  model  to  show  the 
motion  of  an  earth  particle  at  the  time  of  an  earthquake  is  an 
indication  of  his  originality  and  ingenuity.  By  his  influence  and 
persuasive  power  he  did  much  towards  the  distribution  of  seismo- 
graphs throughout  his  own  country,  and  the  extension  of  a  seismic 
survey  which  at  the  time  of  his  death  boasted  of  no  less  than  968 
stations  at  which  earth  shakings  are  recorded. 

One  thing  in  which  he  was  interested,  and  in  which  he  took  part, 
were  experiments  to  determine  forms  of  construction  most  suitable 
for  earthquake  districts ;  and  although  he  did  not  live  to  see  the 
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ultimate  results  of  these  in  vest  lotions,  he  saw  that  earthquake 
effects  had  already  been  diminished  and  that  in  future  the  loss  of 
life  and  property  would  be  further  minimized. 

His  kindly  disposition  made  him  tlie  friend  of  all  who  had  the 
pleasure  of  his  acquaintance,  whilst  the  straightforward  manner  in 
which  he  never  failed  to  express  his  ideas  gained  their  admiration. 

J.  M. 


:^4:iscEXiXjAi:arEOTJ3. 

A  Glossary  of  the  names  of  geological  formations  (Piant  e  soito- 

fiiaui  IN   Geoiogia:  Calabria,  1895)   has    been    compiled    by  Signor 

U.  R^tti.     It  includes  such  terms  as  Albien,  Algonkian,  Sequanien, 

Toarcien.  etc     In  the  preparation  of  his  work  the  writer  consulted 

a  number  of  publications,  but  he    seems   mainly   indebted  to  the 

*' Tableau  de*  terrains"  of  Mayer  Eymar.     We  thus  have  a  numl)er 

of  terms  which  have  been  formulated  or  modified  by  that  particnlHr 

author,  but  have  never  (or  hardly  ever)  been   used  in  geological 

liremturt*:  f^g-  Hagshotin,  Dartmouthian,  Davidsin,  (for  St.  David's 

l^)«_:»  meant  for  Davidsian),  Llamberison  (?  Llanl)eri8ian),  Llandei- 

lian.  l««>ndinien,  etc.     We  also  make  acquaintance  with  Antepara- 

doxidiou.   Hogudien,   I^M)min,  Carcassien,    Coutchiching,  Dellysien, 

IVviliien.    FH»l»iotio.    Falaisin.    Frigidiano,    Hydroplastic,    Mihielin, 

Kervien,  Nimm,  rsyohozoic,  Etage  de  Scitern,  Spanweton,  Stampien, 

and  Yirgloriano — names  which  we  give  according  to  the  spelling  of 

Sitftior  Hotti.     The  work,  though  far  from  complete,  will  be  useful 

|t>  \\\ot^  who  are  perplexed  about  the  meanings  of   some  of  the 

nuinerims  terms  of  modern  days :  it  will  be  useful  also  to  those  who 

ar«  giv<ku  to  nanung  formations  or  groups  of  strata,  as  it  may  help 

th^m  to  «void  using  a  term  already  occupied.     Thus  we  learn  that 

th«  t^rttt  (Georgian   (from  Georgia)  was  introduced  by  Walcott  in 

18tfli  f«*r  thit  liower  Cambrian  O/eNe/ZtM-beds ;  but   we  may  inform 

ilia  writi^r  of    the   Glossary   that  the    term   Georgian    (from    the 

ilhiriolii  iHmlering  St.  George's  Channel)  was  suggested  in  1885, 

Wy  |>f,  llioks,  for  the  rocks  usually  grouped  as  Cambrian.^ 

8VVNI>KA    VaXTVARLDKMB    HiSTORIA    I     KORTHKT    FkaBISTALLD,    AF 

ItVltNAN  ANnicHSBON.  8vo,  pp.  106,  1  Map  and  53  FigR.  in  the  text. 
|l|«H«khtilm  :  V,  A.  Norstedt  and  Sons. — Though  this  little  book  deals 
luill^ly  with  the  recent  distribution  of  plants  in  Sweden,  so  much 
IMHim  !■  dtivoted  to  the  past  history  of  the  flora,  as  preserved  in  peat- 
^WMMi  ulnys,  and  travertines,  that  it  should  not  be  overlooked  by 

Bhi||lii|Hi  Dr.  Andersson  has  done  such  excellent  work  in  collecting 
wtndylliK  tlio  fossil  plants  of  Sweden,  that  we  are  glad  to 
M||  lih  mid  Prof*  Nnthorsfs  leading  results  embodied  in  a  truly 
Mjkntlflo  hlHlory  of  the  origin  of  the  Swedinh  flora.  The  author, 
Qlltf  iM|nHlly  nt  home  with  the  recent  and  fossil  plants  of  Sweden, 
MA  InuHi  i\w  influeniH)  of  bygime  climatic  changes,  and  can  give 
^■■itfllg  llblntrutionB  of  the  past  and  present  distribution  of  certain 

^^^^k  »  OstiL.  Mao.,  Dec.  Ill,  Vol.  II,  p.  369. 
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I— Noiw  ov  TBUB  Pelvtb  of  Chtptoclidus  OxoNiBNsia  (Phillips). 

By  C.  W.  Andrbwb,  B.A.,  B.Sc.,  F.G.S., 
Anmiilant  in  the  British  Muaeam  (Natural  History). 

A  HONG  tbe  Plesioeaurian  remains  recently  mounted  for  ex- 
rv  btbition  in  the  Keptile  Gallery  at  the  Natural  History 
Moseom  fa  a  very  fine  pelvio-girdle  belonging  to  a  species  of  the 
gennt  Orypiatfidui  (Seeley),  and  forming  part  of  the  same  skeleton 
(Leeds  CblL,  B.  2616)  as  the  pectoral-girdle  recently  described  and 
figured  by  the  present  writer.^  These  specimens  are  perhaps  the 
most  perfect  known,  the  bones  being  quite  uncrushed,  free  from 
matrix,  and,  except  that  they  are  cracked  and  broken  to  a  slight 
degree,  in  mncb  the  same  condition  as  if  they  had  been  obtained  by 
maceration  from  a  recent  reptile.  They  clearly  belonged  to  an  old 
individual  in  which  ossification  had  nearly  reached  its  maximum : 
this  is  shown  (1)  by  the  complete  union  of  the  coraooid  and  scapula 
with  one  another  in  the  middle  line  closing  the  coraco- scapular 
foramen ;  (2)  by  the  sharpness  of  some  of  the  edges  of  the  boneH. 
e.g.  of  part  of  the  anterior  border  of  the  pubis ;  (3)  by  the  great 
solidity  of  the  bones,  and  by  the  accuracy  with  which  tbe  pectoral 
and  peWie  elements  fit  together  to  form  the  glenoid  and  acetabular 
cavities  respeotively,  showing  that  tbe  cartilage  which  separates 
them  in  the  young  animal  had  been  ossified. 

A  mounted  pelvis  of  Muneiwsaurus  has  been  already  described 
and  figured,*  and  if  the  present  sp>ecinieti  be  compared  with  it,  it 
will  be  seen  that  the  differences  between  the  two  genera  in  this 
p;irt  of  the  skeleton  are  conHiderable.  Some  of  the  more  important 
of  these  differences  are  pointed  out  below. 

Pubis, — The  pubis  is  proportionately  much  wi<ler  from  side  to 
side  and  shorter  from  before  l>ackwards  than  that  of  Muranosaurus, 
Its  anterior  convex  bonier  is  thin,  except  near  the  outer  angle,  where 
it  is  thickened  and  produced  into  a  short  stout  process,  which   is 

*  "  On  the  Development  of  the  Shoulder-jrirdle  of  a  Plesiosaur  (Cryptoclidus 
Oronieruii,  Phillips,  sp.)  from  the  Oxford  Clay** :  Ann.  Mag.  Nat.  Ilist.,  ser.  6, 
▼ol.  XT  (189.i),  pp.  335-40,  fij^.  1  and  2. 

*  **  On  the  Pectoral  and  Pelvic  Girdles  of  Muranosaurus  plicatm  "  :  Ann.  Mag. 
Nat  Hist.,  ser.  6,  vol.  xvi  (1895),  pp.  432-4,  figs.  2  and  3. 
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Mpkrated  from  Ibe  inner  portion  by  a  notcli.  Thii  prooess  ia  aW 
preaent  in  Munenotaurua,  in  whiob,  however,  it  is  tnuch  less 
prominent  and  does  not  etand  oat  bejond  tbe  level  of  the  aoetabulnm 
to  nearl;  the  same  extent ;  it  appears  to  be  homologous  with  the 
lateral  pnbic  process  (eotopubie  of  Baur)  of  the  chelonian  pubis. 


The  symphysiKl  surface  is  much  shorter  than  ia  JlfurienOfaiinM, 
hnt  at  the  same  time  much  deeper.  It  is  spindle-shaped,  about 
16  om.  long  and  6  deep,  the  bone  being  very  thiok  at  this  point 
Hie  curvature  of  the  aymphysial  border  shows  that  the  two  pubes 
were  only  in  actual  conlact  (if  at  all)  at  one  point,  in  front  of  and 
behind  wLicb  they  were  separated  by  wedges  of  cartilage.  The 
anterior  cartilage  (epipubio)  was  probably  small  aud  continuous 
with  that  fringing  the  anterior  border;  while  tbe  posterior  was 
thick  and  no  doubt  oontinuona  with  thnt  between  tbe  anterior  ends 
of  tbe  ischia,  which  were  separsled  from  the  pubes  by  ad  interval 
of  about  2  cm.  This  median  bar  of  oartilsge,  which  divided  the 
foramina  obiuratoria  and  most  likely  persisted  even  in  the  oldest 
individuals,  corresponds  with  the  similarly  situated  cartilage 
(mssogastroid  of  Bnur)  in  many  chelonian  pelves. 

The  concave  posterior  border  thickens  gradually  from  within 
outwards  to  the  ischial  surface.  This  latter  is  nearly  semicircular, 
the  diameter  of  the  semicircle  forming  the  line  of  division  between 
it  and  the  acetabular  surface,  the  length  of  which  from  before 
backwards  is  about  8cm. 

JseUum. — The  ischium  is  of  tbe  nsunl  hatchet  shnpe.     The  anterior 

iition  of  its  median  border  is  thick  and  hears  a  spindle -shaped 
for  the  cartilage  of  the  symphysis;  behind  this  the  hom 
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tbins  Buddenly,  tbiokening  again  towards  the  posterior  angle.  The 
two  isohia  were  separated  in  front  hy  cartilage  which,  as  already 
mentioned,  was  probably  oontinuoas  with  that  between  the  pnbes ; 
posteriorly  there  was,  no  donbt,  a  small  "  hypogastroid  "  cartilage. 

The  articular  end  of  the  ischium  is  extremely  massive,  measuring 
about  7  cm.  in  thickness  at  the  acetabulum.  As  in  Murmnosawrus, 
it  bears  three  articular  surfaces  :  of  these,  the  anterior,  for  the  pubis, 
is  nearly  semicircular ;  the  median,  forming  the  middle  part  of  the 
acetabulum,  is  roughly  rectangular,  and  measures  6  cm.  from  before 
backwards;  the  posterior,  for  the  ilium,  is  about  5  cm.  long,  and  looks 
backwards  and  only  slightly  upwards,  the  ilia  being  directed  much 
more  backwards  than  in  MurcBuosauTUB. 

The  dimensions  of  the  ischium  are — 

cm. 

*    Width  from  aoetabnlum  to  middle  of  symphysial  sorfaoe    22 

Leoffth  between  the  anterior  and  posterior  inner  angles      -•    21 

'Wi<hh  of  neck  at  narrowest  point •••    m.    ...      6*8 

\yirvii inicrence  ,,        ,,  ,,      ...     .••     ...     ...     •••    ...     .  •     ••*     lo 

IZttim. — ^The  ilium  is  a  very  stout,  slightly  curved  rod  of  bone. 
Its  lower  end  is  greatly  thickened,  and  is  truncated  by  an  oblique 
oval  surface,  the  long  diameter  of  which  is  7-5  cm.  in  length ;  the 
Bbort,'  4*5  cm.  The  inner  two-thirds  of  this  nearly  flat  surface 
articulate  with  the  iliac  surface  of  the  ischium,  while  the  outer 
third  forms  the  posterior  wall  of  the  acetabulum.  The  outer  angle 
of  the  acetabular  region  is  occupied  by  a  small  surface  for  cartilage, 
which  probably  capped  this  portion  of  the  bone  and  was  continuous 
with  that  lining  the  acetabulum.  The  middle  of  the  ilium  is  con- 
tracted and  is  slightly  oval  in  section.  The  upper  portion  is 
compressed  and  somewhat  like  the  blade  of  an  oar.  The  anterior 
liorder  of  this  expanded  region  is  thin  and  sharp,  the  posterior  thick 
and  rounded ;  its  upper  edge  is  curved  and  bears  a  surface  for 
cartilage.  The  inner  face  of  the  upper  portion  of  the  ilium  is  flat 
and  shows  scarcely  any  trace  of  its  union  with  the  sacral  ribs,  to 
which  it  was  probably  only  loosely  attached  by  ligaments.  The 
distance  between  the  upper  ends  of  the  ilia  is  about  23  cm.  The 
length  of  the  ilium  is  20  cm.,  the  width  of  its  upper  end  6  cm.,  and 
the  circumference  of  the  shaft  at  the  narrowest  point  about  11  cm. 
The  lower  end  of  the  left  ilium  has  been  restored  in  plaster. 

Looking  at  the  pelvis  as  a  whole,  it  will  be  seen  that  it  presents 
acme  peculiar  characters.  The  pubes  and  ischia  of  the  opposite 
eides  do  not  make  a  distinct  angle  with  one  another ;  on  the  contrary, 
their  middle  portions  are  almost  in  the  same  plane,  and  the  visceral 
lurface  of  the  pelvis  is  only  gently  concave  from  side  to  side.  I'his, 
combined  with  its  great  width,  gives  the  whole  pelvis  a  peculiar 
appearance  of  extreme  shallowness  and  expansion.  From  before 
backwards  the  visceral  surface  is  strongly  convex,  its  highest  point 
between  the  acetabula  being  only  about  8*5  cm.  below  a  straight  line 
joining  the  middle  points  of  the  upper  borders  of  those  cavities. 
In  front  of  and  behind  this  point  it  slopes  away  towards  the 
anterior  and  posterior  borders  of  the  pelvis. 
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A«<^b«r  |H>iiit  worthy  of  iiotioe  is  the  extreme  backward  slope  of 
tW  ill*.  Thia  M  80  great,  that  if,  when  the  ischia  and  pubes  are 
n^ttw  ^^  ^  pUuie  sarfaoe,  a  line  be  drawn  along  the  long  axis  of 
tlt^  uTutt*  it  makes  an  angle  of  little  more  than  30^  with  that 
•uHfttkW^  In  many  lizards  and  ohelonians  the  ilia  are  directed 
bttokwmrda  to  a  oonsiderable  extent,  but  in  none,  as  far  as  I  am 
awM^  to  sttch  a  degree  as  this.  It  seems  not  improbable  that  in 
tb^  tlTitt^  animal  the  ventral  surface  of  the  pelvis  sloped  downwards 
uftil  fiorwards,  so  that  the  position  of  the  ilia  would  be  less  oblique 
k\>  tb«  vertebral  axis  than  might  be  supposed. 

'rW  CMiisea  of  the  peculiar  structure  of  the  acetabulum  and  of  the 
^r«ttl  backward  slope  of  the  ilium  must,  no  doubt,  be  sought  in 
tb«  mechanical   conditions  under  which   the  animal  existed,  and 
aUkough  these  conditions  are  too  little  known  and  too  complex  to 
p^mit  of  a  complete  solution  of  the  problem,  the  following  tentative 
Mplanation   may  be  offered.      It  is  generally  admitted   that  the 
PiMoaaurs  are  descended  from  land  reptiles,  in  which,  of  course, 
one  of  the  chief  functions  of  the  skeleton  would  be  to  support  the 
«^n  parts,  and  in  the  case  of  the  pectoral  and  pelvic  girdles  to 
transmit  the  weight  of  the  body  to  the  supporting  limbs :  in  this 
iviae  the  thrust  on  the  heads  of  the  humerus  and  femur  is  mainly 
a  vertical  one.     When  such  an  animal  becomes  wholly  aquatic  in 
ita  habits  these  conditions  are  completely  changed.     In  the  first  place, 
the  body  is  supported  on  all  sides  by  the  pressure  of  the  water ;  in 
the  second,  the  limbs  no  longer  bear  up  the  body  weight,  and  if, 
aa  in  the  Plesioaaurs,  they  are  used  as  paddles,  there  would  be  a 
nearly  horizontal  (forward)  thrust  of  the  heads  of  the  humerus  and 
femur  at  each  stroke.     In   the  case  of  the  pelvic-girdle  of  the 
riesiosaurs  the  result  is  exactly  what,  a  priori,  we  should  expect 
from  such  change  of  conditions.     The  upper  end  of  the  ilium  is 
a  fixed  point  (to  the  sacral  vertebrsB),  about  which  the  forward  thrust 
of  the  femur  would  tend  to  produce  rotation  leading  to  the  backward 
slope  we  have  seen  actually  exists.     In  the  next  place,  the  same 
force   would   produce   the    elongation    from   before   backwards  of 
the  acetabulum ;  and  this  elongation,  together  with  the  backward 
rotation  of  the  ilium,  seems  to  have  led  to  the  separation  of  the 
latter  bone  from  the  pubis,  and  the  result  is  an  elongated  acetabulum 
i'onstituted   by    the  articular  surfaces   of  the   pubis,  ischium,  and 
ilium,  arranged  in  a  linear  series  from  before  backwards.     As  to 
the  means  by  which  this  has  been  brought  about,  opinions  will 
differ,  but  in  any  case  it  seems  at  least  highly  probable  that  the 
change  in  the  conditions  of  life  has  resulted  in  the  peculiarities  above 
described.     In  this  connection  it  is  interesting  to  notice  that  among 
the   Chelonia,   certain   of  which    show   greater    similarity   to   the 
Plesiosaurs  in  their  pelvic-girdles  than  any  other  reptiles,  the  marine 
forms,  such  as  Chelone,  have  back  ward  ly  directed  ilia,  while  the 
ezolotively  terrestrial  ones,  such  as  Teatudo  pardalia,  have  those 
nearly  vertical ;  in  the  fresh- water  tortoises  both  types  occur. 
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-Tas  MiHEBAL  Spbinos  or  thb  Badbm  Dibtbiot  (Switzcblaho). 

B7  C.  a  Du  BicHi  PuLLiR,  M.A.,  Ph.D.,  M.I.E.E.,  F.G.S.,  F.C.B. 

J  ia  well  known,  there  are  in  Switzerland  a  good  mtkny  cold  < 
roineral,  bnt  very  few  powerful  thermal  Bprings,'  a  fact  whioh 
it  in  a  tp^eat  measure  due  to  the  ncarcity  of  the  younger  aeries  of 
rroptiTe  rooks,  suoh  as  give  rise  to  the  abundant  hot  springs  of 
Bohemia,  the  Taunus  and  Eiffel  diHtriota,  Auvei^e,  the  Pyrenees, 
ind  other  looalities  possessing  similar  geological  features. 

The  only  really  powerful  and  abundant  thermal,  but  non-volcanio, 
iprings  in  Switzerland  are  tiiose  of  PfiiverB  (Rogatz)  in  the  Rhine 
valley,  of  IiOu6ohe  in  the  Rhone  valley,  and  of  Baden  in  the  Limmat 
TsUey.  At  Plavers.  as  at  Lou^ohe,  the  springs  are  confined  to  one 
Inoalitj,  whilst  the  Biiden  district  oomprises,  besides  the  springs  of 
fiailen  proper,  a  whole  oIusIcf  of  different  mineral  springs,  tipread 
over  an  area  of  aboat  ten  square  miles.  It  is  this  area  which  the 
writer  has  lately  bod  an  opportunity  of  examining. 

At  first  sight,  it  seems  remarkable  that  so  gi^at  a  number  and 
Tsttety  of  mineral  springs  should  be  met  with  in  the  Molasse  for- 
mstioD,  which,  broadly  speaking,  oonstitutee  the  Snbalpine  hills  east 
of  the  river  Aare ;  but  on  doner  examination,  it  is  found  that  all 
those  springs  are  situated  along  the  same  zone — to  wit,  at  the  base  of 
tn  isolated  Jurassio  ridge  which  lies  between  the  Jura  range  and  the 
Central  Alps,  and,  like  these  two  mountain  chains,  was  raised  and 
fulded  in  Miooene  times.  The  Jurassic  outcrop  extends  for  about 
tiiteen  miles  from  the  left  bank  of  the  river  Aare.  near  Aarau,  to 
■boat  stvrn  miles  bcyund  Bailen.  its  strike  being  south-west  to 
Diirili-F'aHl.  tliat  is,  in  the  main  parallel  to  the  strike  of  the  Jura  and 
tbcCEUtral  Alps. 


Fio.  1. — Flan  of  the  Baden  DiBtrict.     rnAiss- 
An  is  seen  from  the  plan  and  longitudinal  section  (Figs.  1  and  2). 
the  Jurassio  ridge  rises  at  both  ends  to  the  considerable  elevution  of 
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730  and  860  metrei  (2.400  and  2,830  ft)  above  sea-level,  and  at  ita 
north-west  end,  near  and  beyond  Baden,  ooiiBtitutea  the  so-called 
"Loegera"  ridge,  whose  altitude  ezoeeds  that  of  the  Biirroanding 
Molasse  hilla  by  fully  BOO  feeL  In  ita  oentral  portion,  the  ridge  is 
interaeoted  at  right  angles  by  the  rivers  Limmat,  Beuss,  and  Aare, 
at  a  diatanoe  of  aboat  four  miles  from  their  oonSaenoe  near  TurgL 


Fio.  2. — Longitiidiiud  wctioD.     Schiiiiiiach-BirmBiiwioTf-Badeii.    HonianUl 

It  is  at  the  point  of  interseotion  of  those  rivers  that  the  mineral 
springs  of  Baden  (Limmat  valley),  of  Birmenadorf  and  Miillingen 
(Renss  valley),  and  of  Soliinznach  and  Wildegg  (Aare  valley)  ri«6 
to  the  surfaoe,  their  position  coinciding  in  the  main  with  the  anti- 
alinal  axis  of  the  Jurassic  fold,  as  is  shown  in  the  plan  and 
longitadinal  aeotion. 


A  typical  transverse  section  of  the  ridge  is  [he  one  exposed  at 
Baden  (Ennetbaden),  on  the  right  bank  of  the  river.  It  ia  repre- 
sented in  Fig.  3,  and  is  about  1-6  kilometre,  or  one  mile,  in  length, 
the  outer  strata  on  each  side  of  the  fold  being  oomposed  of  Upper  or 
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vhitB  Jnra  (Malm)  and  of  Middle  or  brown  Jura  (Dogger),  tlie 
iDtormediHte  strata  of  Lias,  and  the  contra!  or  lowest  strain  ot 
Keiiper  (Triaa),  wbioh  last-named  therefore  ties  in  tbe  axis  of  tbe 
iQtioliDal  fold.  The  more  or  leu  uniform  obaraoter  of  this  aeotion 
thnrngbout  the  ridge  is  attested  by  the  fact  that  tbe  various  minentl 
•prings  rise  from  along  tbe  line  of  junction  of  tbe  Keuper  and  tbe 
joanger  strata. 

The  distinotive  features  of  tbe  four  Tarietiea  of  mineral  springs 
in  the  district,  and  of  their  ooonrrenoe,   may  be  briefly  stated  as 

1.  Baden  Springt,  360  metres  (1180  ft.)  above  sea-level.'    As  ia 
wea  from  the  plan,  Fig.  4,  all  tbe  Baden  springa  rise  in  a  abarp 


Fio.  l.^Mineral  springs  of  BiideQ,  Switzeiland. 
cnrre  of  60  degrees  formed  by  tbe  Limmat  at  a  point  where  tlie 
river  has  eroded  tbe  glaoial  gravels  of  the  valley  to  a  depth  of  about 
20  metres,  or  66  ft,  down  to  the  Keuper,  wbich  at  tliia  point  oroeses 
the  bed  of  tbe  river.  The  springs  issne  through  fissures  between  the 
Keuper  and  tbe  Jurassic  strata  which,  as  already  shown  in  tbe  trans- 
Terse  soclioD,  cross  the  valley  in  two  separate  riiiges,  forming  the 
Baden  basin.  On  the  left  bank  of  tbe  river,  the  Keuper  ie  overlain 
bj  about  30  ft.  of  clay  and  marl,  which,  somewhat  further  down  the 
river,  are  overlain  by  sand  and  glacial  Nagelfluh  to  a  depth  of  abonl) 
66  ft  On  tbe  right  t>anl[,  tbe  same  oUy  and  marl,  alternating  with 
gypBura  bands,  are  about  50  ft  in  depth,  and  overlie  a  compact 
dolamite.  i 

Tlie  springs  on  both  sides  of  the  river  number  twenty-one,  while 
aluat  6fteen  more  insue  in  the  river-bed  and  are  lost.  The  principal 
iniDerai  constituents  of  the  water  are,  in  1.000  parts  :  sulphate  of 
Kdium,  I'842  ;  chloride  of  calcium,  1'3  ;  chloride  of  sodium,  0-3  ; 
bicarbonate  of  magnesium,  0-3  ;  and  some  free  sulphuretted  hydrogen. 
As  is  seen,  these  constituents  are  the  products  of  the  decomposition 
iDd  reaction  upon  each  other  of  the  principal  compounds  composing 
the  rocks  cfaaracteristio  of  the  Middle  Keuper  formation — to  wit, 
gypsum  (snlpbate  of  calcium),  common  salt  (chloride  of  sodium). 
Bad  dolomite  (carbonat«  of  magnesium). 
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The  flpringg  hare  a  iemperatnre  of  46^  0.  (115^  F.),  and  are  not 
affeoted  by  the  rise  or  fall  of  the  river  Limmat^  bat  vary  aooording 
to  the  rainfall  at  different  seasons,  a  faot  whioh  shows  that  they  are 
derived  from  atmospherio  water  percolating  through  the  various  strata. 
The  faot  that  tl^e  chemical  composition  of  all  the  twenty -one  springs 
is  fairly  uniform,  warrants  the  conclusion  that  they  all  rise  from  one 
sifurce  or  collecting- basin.  Assuming  the  temperature  of  the  atmo- 
spherio water  at  the  surface  to  be  10^  C,  and  the  increase  of 
temperature  to  be  1^  C.  eveiy  30  metres,  the  temperature  of  the 
Baden  springs  corresponds  to  a  depth  of  the  subterranean  reservoir 
of  (46  -  10)  X  80  =  1,080  m.,  or  about  3,600  ft  The  probable  seat 
of  the  reservoir  is  therefore  not  below  the  Eeuper  or  upper  member 
of  the  Trias.  The  average  yield  of  the  springs  is  in  the  aggregate 
no  less  than  1,000,000  litres  (222,000  gallons)  in  24  hours.  Both 
in  yield  and  temperature,  the  Baden  springs  vie  with  other  celebrated 
thermal  springs,  such  as  those  of  Pfavers  and  Aix-les- Bains,  which 
have  a  temperature  of  36°  C.  (97°  F.)  and  46°  C.  (113°  F.) 
respectively. 

2.  Birmensdorf  and  MtilUngen,  340  metres  (1,116  ft)  above  sea- 
level.  These  are  cold  springs,  containing  chiefly  sulphate  of 
magnesium,  sulphate  of  sodium,  and  sulphate  of  calcium,  from  the 
dolomitic  and  gypsum  strata.  In  addition  to  the  natural  springs, 
mineral  water  is  produced  by  leaching  the  strata  in  tanks  formed  in 
pits  at  a  depth  of  100  metres  (330  ft.)  below  the  surface.  The 
springs*  and  tanks  are  capable  of  yielding  about  1,000,000  litres 
(220,000  gallons)  per  annum,  but  the  abundance  of  gypsum  dykes, 
which  have  already  been  worked  for  more  than  70  years,  is  such  that 
the  production  can  be  largely  increased. 

The  Birmensdorf  water  has  a  temperature  of  16°  C.  (69°  F.),  and 
a  specific  gravity  of  1*17.  In  mineral  composition  it  compares  as 
follows  with  the  well-known  similar  waters  of  Friedrichshall  and 
Hunyadi  Janos : — 


Friedricbsball  

Birmensdorf 

Hunyadi  Janos 

In  1,000  parts. 

Sulphate  of 
Magnesium. 

Sulphate  of 
Sodium. 

Sulphate  of 
Calcium. 

Chloride  of 
Sodium. 

616 
1204 
24-35 

605 
16-66 
22-66 

1-34 
0-32 

7-96 
1-30 

llie  mineral  water  of  Mullingen  is  very  similar  to  that  of 
Birmensdorf,  being  derived  from  the  same  Triassic  and  Jurassic 
strata  which  are  intersected  by  the  river  Beuss. 

3.  Schimncwh,  3^*6  metres  (1,126ft)  above  sea-level.  This  is  an 
abundant  thermal  spring,  somewhat  similar  to  the  springs  of  Baden, 
and  rises  from  the  dolomitic  and  gypsum  strata  about  30  ft  below 
the  surface.  It  contains,  in  1,000  parts  :  carbonate  of  calcium,  0*25; 
carbonate  of  magnesium,  0*12  ;  sulphate  of  calcium,  1*10  ;  and  some 
free  sulphuretted  hydrogen.     The  spring  has  a  temperature  of  36°  (X 


1       "-l 
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(96^  F.),  and  yields  aboat  720,000  lities  (160,000  gallons)  in 
24  houn,  which  quantity  is,  however,  easily  capable  of  being  trebled. 

The  Sohinznach  spring  bears  analogy  more  especially  to  the 
springs  of  Londche  (1,415  m.  or  4,641  ft.  above  sea- level),  which 
oontain,  in  1,000  parts,  1*48  sulphate  of  calcium  and  0-23  snlphate 
of  magnesium,  but  have  a  higher  temperature,  viz.  45^  C.  (113^  F.), 
while  their  considerably  larger  aggregate  yield  amounts  to  6,000,000 
Utres  ri,dl2,000  gallons)  in  24  hours. 

4.  Wildegg,  856  metres  (1,168  it.)  above  sea-leve].  This  is  a  saline 
spring,  rising  at  the  bottom  of  an  artesian  well  at  a  depth  of  256  m. 
(about  840  ft.)  below  the  level  of  the  river  Aare.  In  addition  to 
ohloride  of  sodium,  it  contains,  as  characteristic  constituents,  iodine 
and  bromine.  The  temperature  of  the  spring  is  15^  C.  (59^  F.),  and 
its  present  yield  is  only  about  75,000  litres  (17,000  gallons)  per  annum. 

Appendix. 

In  the  following  Table  the  writer  has  determined  by  calculation 
the  probable  depths  below  the  surface  of  upwards  of  30  well-known 
or  otherwise  remarkable  thermal  springs,  with  the  great  majority  of 
which  he  is  acquainted,  and  whose  temperatures,  according  to  official 
statistics  or  otherwise  authentic  records,  range  from  20^  to  90^  C,  or 
68*^  to  194°  F.  The  formula  used  is  that  already  given  for  deter- 
mining the  depth  of  the  Baden  springs  — 

(Temperature  of  spring  —  10°  C.)  x  30  =  depth  in  metres. 

If  no  allowance  be  made  for  the  initial  temperature  of  the  atmospheric 
water  percolating  through  the  rocks  down  to  the  collecting-basin — 
in  other  terms,  if  the  temperature  at  the  surface  be  taken  at  0°  C. 
(32°  F.),  the  depths  given  in  the  Table  have  to  be  increased  by 
300  metres,  or  1,000  ft. 

Depth  of  Thermal  Sprixos 
havino  subfacb-tsmpebatuebs  of  20°  to 


No.        Name  of  Spring. 


•  • •         ••  • 


1  Matlock... 

2  Munster  (Crenznach) 

3  Buxton 

4  Montecatini    

6  Ro^at     

6  Schinznach    ... 

7  Pfavers  (Ragatz) 

8  Baden  (Vienna) 

9  Poretta 

10  WiUbad 

11  St.  Gervais    ... 

12  Keuenabr 

13  Kanheim 

14  TepUta 

16  Vichv     

16  Aix-les-Bains 

17  Louche 

18  Baden    


•  •  •  ■  •  • 


•  ••         •  • • 


•  • •         •  •  • 


•  •  •         •  •  • 


Country. 

...  England  .. 
...  Germany ... 
...    Englana  ... 

...     France     ... 
...     Switzerland 
...     Switzerland 
...    Austria    ... 
...     xbaiy...     ... 

...  Germany... 
...     France 

Germany ... 

Germany ... 

Austria    ... 

France 
...     France     ... 
...     Switzerland 
...     Switzerland 


"C. 

(68'  TO 

194°  F.). 

Temp 

erature 

Depth 

at  surface. 

below  surface. 

Cent. 

Fahr. 

Metres. 

Feet. 

20° 

68° 

300 

984 

23 

73 

390 

1279 

28 

82 

640 

1771 

30 

86 

600 

1970 

36 

96 

760 

2461 

36 

96 

760 

2461 

36 

97 

780 

2668 

36 

97 

780 

2568 

36 

97 

780 

2668 

87 

98 

810 

2667 

38 

100 

840 

2766 

39 

102 

870 

2864 

39 

102 

870 

28.54 

40 

104 

900 

2963 

43 

109 

990 

3248 

46 

113 

1060 

3444 

46 

113 

1060 

3444 

46 

116 

1080 

3642 

154 


Bet>.  P.  B.  Bi'odie — Keuper  of  Warwick. 


•■• 


No.        Name  of  Spring. 

19  £ms       •     ... 

20  Bath      

21  Luchon 

22  Bormio 

23  Plombi^res    

24  Aix-la-Chapelle    ... 
26  Warazia 

26  CarUbad  (Spradel) 

27  Aqui       

28  mesbaden     

29  Baden-Baden 

80  Gaetein 

31  Ischia  (Gurgitello)        ... 

32  Chandes-A^ues  (Far)  ... 
83  Peters- Spring  (Caucasus) 
34  lias  Trincheras      


Geysers  ol  Iceland      

New  Zealand    ... 
Yellowstone  Park 


Temperature 

Depth 

at  surface. 

below  surface. 

Country. 

-»- 

^ 

■     "^ 

^ 

Cent. 

Fahr. 

Metres. 

Feet. 

Germany 48* 

England 49 

118* 

1140 

3739 

I'JO 

1170 

3838 

France     60 

122 

1200 

3936 

Italy 60 

122 

1200 

3936 

France     62 

126 

1260 

4133 

Germany 55 

131 

1360 

4428 

Austria    66 

133 

1380 

4626 

Austria    

.    60 

140 

1600 

4920 

Italy 64 

147 

1620 

6314 

Germany 

.     68 

166 

1740 

6708 

Germany 68 

166 

1740 

6708 

Austria    70 

168 

1800 

6906 

Italy 70 

168 

1800 

69U6 

France     

.     87 

188 

2310 

7677 

Bussia     

.     90 

194 

2400 

7872 

Venezuela 

.     90 

194 

2400 

7872 

Iceland 

100 

New  Zealand 

mean 

212 

2700 

8866 

U.S.A. 

temp. 

It  is  seen  that  out  of  the  34  permanent  thermal  springs 
enumerated  in  the  Table,  19,  or  more  than  half,  have  temperatures 
ranging  from  30°  to  60°  C.  (86°  to  122°  P.).  and  corresponding  to 
a  depth  of  600  to  1,200  metres,  or  about  2,000  to  4,000  feet  below 
the  surface,  while  the  average  temperature  of  the  Geysers,  viz. 
l>oiling-point,  corresponds  to  a  depth  of  2,700  metres,  or  about 
9,000  feet  Great  as  these  depths  appear,  even  the  maximum  is 
less  than  one-third  of  the  aggregate  thickness  (commonly  computed 
at  about  30,000  feet)  of  the  successive  formations  composing  the 
earth's  crust  down  to  the  Archiean  rocks,  and  only  0'04  per  cent,  or 
•g-sWth  of  the  radius  of  the  globe  (about  4,000  miles). 


III. — On   thb   Sandstones  in  thb  Upper  Keuper  in  Warwick- 
shire. 

By  the  Bby.  P.  B.  Brodib,  M.A.,  F.G.S. 

I  HAVE  read  with  much  intei-est  Mr.  Horace  Brown's  account  in 
the  Geological  Magazine  for  February,  1896,  of  the  boring 
for  water  in  the  Trias  at  Stratford-on-Avon.  In  it  he  makes  brief 
allusion  to  the  sandstones  in  the  Upper  Keuper,  and  refers  to  Mr. 
Howell's  statement  of  the  occurrence  of  certain  sandstones  near 
Henley-in-Arden.  He  does  not  seem  to  be  aware  that  similar  sand- 
stones are  more  or  less  widely  spread  over  a  considerable  area  in 
some  parts  of  the  Midlands,  north  and  north-east  of  Henley  and 
north-west  of  Warwick  at  a  higher  level,  the  highest  point  being 
445  feet  above  the  level  of  the  sea.  Many  years  ago  I  noticed 
some  sandstone  in  Miss  Phillips'  park  at  Edstone  not  given  in  the 
Survey  Map,  and  I  informed  my  friend  the  late  Professor  Ramsay 
of  the  fact.     These  sandstones  may  also  be  seen  in  many  places, 
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Apeoiallj  in  the  parish  of  Rowing^on.  They  are  exposed  on  the 
iMuiks  of  the  canal  and  along  the  road  leading  to  Warwick,  and  were 
formerly  obtained  from  quarries  in  the  parish  now  long  ago  filled 
«p,  according  to  certain  old  documents  in  our  parish  chest^  which 
gives  an  account  of  payments  made  for  stone  from  this  place,  and 
our  fine  oharch  and  others  in  the  neighbourhood  and  some  old 
honaea  are  built  of  it  When  the  Great  Western  Railway  was  made 
here  a  deep  cutting  through  the  sandstones  was  exposed  along  the 
line  at  Finwood  in  this  parish ;  and  lately  they  were  detected 
when  the  new  line  to  Henley  was  constructed.  All  the  higher 
ridges  in  this  district — they  can  hardly  be  called  bills — are  com- 
posed of  the  sandstones,  the  lower  ground,  where  the  marls 
and  sandstones  have  been  denuded,  being  formed  of  the  red 
marls  below.  Sections  are  generally  rare,  as  the  stone  is  seldom 
employed  except  at  Shrewley  quarry  near  here,  where  the  best 
lection  of  the  Upper  Eeuper  beds  are  exposed.  There  are  about 
two  beds  of  useful  stone:  the  upper  one  is  inferior  to  the  lower 
or  bottom  rock,  which  is  a  hard  sandstone  of  some  thickness 
and  makes  a  good  building  stone,  and  is  used  by  the  Canal  Company. 
This  quarry  is  famous  for  many  interesting  fossils  so  scarce  in  the 
Trias,  and  is  noted  for  the  remains  of  fish,  viz.,  SemioiiottM,  AcrodMB 
(spines  and  teeth),  footprints  of  Lahyrinthodon,  and,  the  rarest  of 
ill,  moulds  of  several  species  of  mollusks,  the  only  British  locality 
where  any  shells  have  been  found.  I  may  add  that  the  wells  in  the 
parish  are  fairly  supplied  with  water  from  the  sandstones,  but  it  is 
bard  and  more  or  less  charged  with  sulphates. 

Note. — All  the  type  and  unique  specimens  lately  in  my  collection 
from  the  Warwickshire  Trias,  especially  Shrewley  and  Coten  End, 
are  now  in  the  British  Museum  (Natural  History),  South  Kensington. 


ly. — On  the  Old  Red  Sandstone  and  Carboniferous  Rooks  of 

THE   NOSTH-EAST   OF   THE   ISLAND   OF   ArRAN.^ 

By  Jambs  Nbilson, 
Vice-President  of  the  Glasgow  Geological  Society. 

IN  the  third  edition  of  his  Text-Book  of  Geology,  Sir  Archibald 
Geikie  has  discussed  the  question  whether  fossils  can  be 
wholly  depended  upon  to  indicate  the  age  of  rocks  when  similar 
or  representative  species  are  found  in  areas  wide  apart.  Thus 
he  tells  us  (p.  665)  that  in  Bohemia  and  Russia  some  of  the 
most  charaoteristio  Upper  Silurian  organisms  are  found  beneath 
strata  replete  with  Lower  Silurian  life.  Again,  speaking  of  the 
close  of  the  Silurian  period,  he  says  (p.  760)  :  "  There  is  every 
reason  to  believe  that  for  a  long  time  the  marine  sedimentation 
pf  Upper  Silurian  type  continued  to  prevail  in  some  areas,  while 
the  probably  lacustrine  type  of  the  Old  Red  Sandstone  had 
already  been  established  in  others.*'  He  also  tells  us  (p.  828) 
that  "In  the  West  of  Scotland  there  occur  among  the  red  sand- 
stones (some  of  which  contain  Old  Red  Sandstone  fishes)  bands 
^  Bead  before  the  Glasgow  Geological  Society  on  17th  October,  1895. 
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of  limestone  full  of  true  Carboniferous  Limestone  oorals  and 
brachiopods."  Again  (p.  G65),  he  draws  our  attention  to  the 
statement  that  ''In  Australia  a  flora  with  Jurassic  affinities  and 
a  Carboniferous  Limestone  fauna  were  contemporaneous";  while 
we  may  conclude  our  extracts  by  one  which  says :  *'  At  the  present 
day  the  higher  fauna  of  Australia  is  more  nearly  akin  to  that  which 
flourished  in  Europe  far  back  in  Mesozoic  time,  than  to  the  living 
fauna  of  any  other  region  of  the  globe/' 

The  above  quotations  and  extracts  show  the  way  in  which 
palaeontological  evidence  may  be  treated  by  those  who  strictly 
follow  Prof.  Huxley's  views  on  homotaxis;  and  without  offering 
any  opinion  on  other  matters,  I  propose  to  proceed  to  the  con- 
sideration of  that  part  which  concerns  the  West  of  Scotland,  viz., 
the  question  whether  marine  Carboniferous  Limestone  fossils  are 
found  in  Old  Ked  Sandstone  strata. 

Again,  I  quote  (p.  801)  from  the  chapter  on  Old  Red  Sandstone  :— 
*'  In  the  Upper  Old  Red  Sandstone  of  the  Firth  of  Clyde  BothriolepiB 
(Pterichthya)  major  and  Holopiychiu8  occur  at  the  Heads  of  Ayr; 
while  a  band  of  marine  limestone,  lying  in  the  red  sandstone  series 
of  Arran,  is  crowded  with  ordinary  Carboniferous  Limestone  shells, 
such  as  ProdueivB  giganteua,  P.  Bemireiiculatus^  P.  punciatua,  ChoneteB 
hardrensia,  Spirifer  lineainSf  eta  These  fossils  are  absent  from  the 
great  series  of  red  sandstones  overlying  the  limestone,  and  do  not 
reappear  till  we  reach  the  limestones  in  the  Lower  Carboniferous 
series ;  yet  the  organisms  must  have  been  living  during  all  that 
long  interval  outside  of  the  Upper  Old  Bed  Sandstone  area.  Not 
only  so,  but  they  must  have  been  in  existence  long  before  the 
formation  of  the  thick  Arran  limestone,  though  it  was  only  during 
the  comparatively  brief  interval  represented  by  the  limestone  that 
geographical  changes  permitted  them  to  enter  the  Old  Red  Sand- 
stone basin  and  settle  a  while  on  its  floor.  The  higher  parts  of  the 
Upper  Old  Red  Sandstone  seem  thus  to  have  been  contemporaneous 
with  a  Carboniferous  Limestone  fauna,  which,  having  appeared 
beyond  the  British  area,  was  ready  to  spread  over  it  as  soon  as 
the  conditions  became  favourable  for  the  invasion.  It  is,  of  course, 
obvious  that  such  an  abundant  and  varied  fauna  as  that  of  the 
Carboniferous  Limestone  cannot  have  come  suddenly  into  existence 
at  the  period  marked  by  the  base  of  the  limestone.  It  must  bave 
had  a  long  previous  existence  outside  the  area  of  the  deposit." 

Sir  Archibald  Qeikie  also  returns  to  the  subject  when  treating  of 
the  Carboniferous  system,  thus  (p.  828)  :  '*  Hence  it  is  evident  that 
the  Carboniferous  Limestone  fauna  had  already  appeared  outside 
the  British  area  before  the  final  cessation  of  the  peculiar  conditions 
of  sedimentation  of  the  Old  Bed  Sandstone  period." 

The  fact  is,  that  no  Old  Bed  Sandstone  fishes  bave  been 
recorded,  and,  so  far  as  we  are  aware,  none  have  ever  been  found 
in  Arran.  Tlje  fishes  referred  to  by  Geikie  were,  I  presume,  those 
from  the  Bed  Sandstone  south  of  the  Heads  of  Ayr,  on  the  mainland 
of  Scotland,  some  twenty  miles  distant  from  the  Arran  limestone. 

Arran  is  classic  ground  to  the  geologist,  and  its  fame  has  travelled 
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hx  beyond  the  limits  of  the  United  Kingdom  and  has  engaged 
many  pens.  In  partioular,  Sedgwiok  and  Murohison/  A.  C.  Ramsay,' 
Dr.  James  Bryoe,'  and  others,  have  written  of  these  particular  rooks, 
snd  all  recognized,  not  only  Old  Red  Sandstone,  but  also  Car- 
boniferoas  rooks,  and  their  writings  on  the  subject  are  full  of  most 
interesting  facts,  with  carefully  reasoned  deductions. 

The  northern  half  of  the  Island  of  Arran  consists,  first,  of  a  central 
granite  naoleus  of  somewhat  circular  form,  which  embraces  all  the 
higher  hills.  This  granite  nowhere  reaches  the  sea,  being  sur« 
roanded  by  a  complete  ring  of  slate  and  schistose  rooks.  These 
are  oyerlain  by  another  series  of  rocks,  among  which  red  is  the 
prevailing  colour ;  but  the  latter  only  form  three- fourths  of  a  circle. 
Previous  writers  on  Arran  had  assigned  these  latter  rooks  partly 
to  the  Old  Red  Sandstone  and  partly  to  the  Carboniferous  form- 
ations, and  it  is  to  them  that  we  wish  to  direct  attention,  with 
the  view  of  going  over  the  evidence  already  recorded,  and  also 
of  adding  any  observations  we  ourselves  have  been  able  to  make. 
Observation  here  is  very  much  facilitated  by  the  fact  that  the 
iotmsion  of  the  granites  (or  final  intrusiim,  if  there  were  more  than 
one)  occurred  subsequent  to  the  deposition  of  the  highest  of  the 
sedimentary  rocks,  which  are  elevated  all  round  tlie  coast,  and  their 
edges  being  exposed  by  the  tides  afiford  unrivalled  opportunities  for 
geological  investigation. 

As  was  first  pointed  out  by  Sedgwick  and  Murchison,  the  lowest 
of  these  Old  Red  Sandstone  rocks  on  the  beach  are  seen  at  North 
Sannox,  where  there  is  an  anticline  from  which  the  rocks  dip 
respectively  to  the  north  and  south.  They  consist  mostly  of 
red  sandstones  and  conglomerates,  and,  as  will  readily  be  ac- 
knowledged, the  rocks  north  of  the  anticline  correspond  with  those 
to  the  south.  Sedgwick  and  Murchison  set  down  these  rocks  as 
Old  Red  Sandstone,  which,  according  to  them,  extended  for  about 
three  miles  along  the  shore,  the  northern  junction  with  the  Car- 
boniferous occurring  to  the  north  of  the  fallen  rocks,  and  the 
louthem  a  quarter  of  a  mile  north  of  Corrie.^  These  rocks  are 
then  overlain  by  Carboniferous  rocks  for  several  miles  both  north 
and  south,  and  are  finally  overlain  by  rocks  of  the  New  Red 
Sandstone  age.  Ramsay  also  supports  this  theory,  and  Bryce  only 
differs  from  it  in  referring  the  uppermost  rocks  to  the  Upper 
Carboniferous  instead  of  the  New  Red  Sandstone.  The  writer*s 
own  observation  has  led  him  to  the  conclusion  that  these  writers 
were  mainly  correct,  and,  although  aware  of  Sir  A.  Geikie's  views, 
he  yet  did  not  feel  justified  in  questioning  them  till  he  had  an 
opportunity  of  again  traversing  the  ground. 

^  Proceedings  of  Geological  Society  of  London,  vol.  i,  p.  41  (1S28).  This  appears 
to  be  only  an  abstract  of  their  paper. 

*  "  Geology  of  the  Island  of  Arran,"  by  (Sir)  Andrew  Crombie  Ramsay,  1841. 

*  "Greology  of  Arran  and  other  Clyde  Islands,*'  by  James  Bryce,  M.A.,  LL.D., 
4th  edition,  1872. 

*  Thai  is,  100  jrards  north  of  the  great  split  boulder  which  forms  such  a  conspicuous 
object  on  the  shore. 
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No  time  need  be  lost  in  disoussing  the  beds  described  by  Sedgwick 
and  Murohison  as  Old  Bed  Sandstone— that  point  is  admitted  on 
all  hands;  the  question  is,  whether  the  beds  considered  by  them 
and  subsequent  writers  to  be  Carboniferous,  are  really  so,  or  Old 
Bed  Sandstone  as  Sir  A.  Geikie  contends.  For  this  purpose  we 
oome  to  the  junctions  of  these  formations,  and  find  that  both 
on  the  north  and  south  the  Old  Bed  Sandstone  conglomerates  are 
succeeded  by  calcareons  conglomerates  and  limestones  (oomstones), 
alternating  with  sandstones.  These  strata  overlie  the  Old  Red 
Sandstone  conglomerates  conformably,  and  if  Arran  alone  had 
been  in  question  it  is  doubtful  whether  the  line  would  have  been 
drawn  here.  Unfortunately  the  strata  at  the  south  end  are  cut  off 
about  40  yards  from  this  junction  by  a  dike  whose  cross  section 
extends  over  ^20  yards  along  the  shore,  and  as  it  seems  to  us 
that  this  dike  marks  a  fault  cutting  off  a  considerable  thickness 
of  strata  we  are  compelled  to  fill  in  the  gap  by  reference  to  the 
corresponding  northern  section,  where  we  find  this  same  cornstone 
series  overlain  by  beds  of  sandstone,  black  shale,  and  volcanic  ash. 
I'his  shale  contains  charred  plant-remains  belonging  to  Calamite$, 
Lepidodendr^n^  LepidoatrobuBf  also  a  species  of  Spirorbia,  besides,  what 
is  even  of  more  interest,  it  contains  the  remains  of  fishes.  These 
have  been  submitted  to  Dr.  Traquair,  whose  report  is  to  the  effect  that, 
while  the  specimens  were  too  fragmentary  to  identify  specifically, 
still  one  baHal  part  of  a  tooth  probably  belonged  to  the  genns  Rhi- 
zoduB ;  another  tooth  resembled  Strepsodua  siriolaiuB,  Traq.  There 
are  also  an  imperfect  Bhizodont  scale,  and  some  scales  probably 
belonging  to  RhadinichthySf  Traq.  He  concludes  his  report  as 
follows:  "Although  the  specimens  are,  unfortunately,  not  such  as 
to  permit  me  to  give  any  list  of  species,  it  is  to  be  noted  that  they 
exhibit  an  unmistakably  Carboniferous  facies.*' 

Overlying  this  shale  is  a  bed  of  volcanic  ash,  also  containing 
^A-remains,  consisting  of  fragments  of  bones  and  scales — some 
pretty  large,  but  I  was  not  fortunate  in  finding  anything  in  a 
condition  to  admit  of  being  named,  llie  information  with  regard 
to  this  latter  bed  was  obtained  from  Mr.  James  Thomson,  F.G.S., 
whom  I  believe  to  be  the  discoverer,  and  it  was  in  searching 
for  it  that  I  stumbled  across  the  black  shale  above  mentioned. 
It  speaks  volumes  for  the  accuracy  of  the  old  writers  that  here, 
within  a  few  yards  of  the  line  they  drew  as  separating  the 
Old  Bed  and  Carboniferous  formations,  should  be  found  a  bed 
charged  with  characteristic  Carboniferous  fossils.  This  is  also 
the  lowest  horizon,  bo  far  as  I  am  aware,  where  Carboniferous 
fossils  have  been  found,  and,  as  will  afterwards  be  shown,  it 
occupies  a  position  several  hundred  fathoms  below  the  marine 
limestones  which  were  formerly  grouped  with  the  Old  Bed  Sand- 
stone formation. 

Proceeding  onwards,  it  should  be  remembered  that  owing  to  the 
anticline  the  rocks  dip  away  from  the  observer  in  the  direction  in 
which  he  is  travelling,  so  that  he  sees  first  only  the  upturned  edge 
ol  the  rock.    It  wUl  thus  be  evident  that  each  bed  met  with  is  higher 
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in  the  section  than  the  preceding  bed,  and  as  the  strata  dip  at  angles 
of  from  20^  to  70^,  a  mile  along  the  shore  represents  a  considerable 
thickness  of  strata.  From  this  point  onwards  for  a  distance  of  about 
three  miles  the  red  colour  of  the  rocks  is  very  exceptional  indeed,  and 
not  until  one  passes  the  Salt  Pans  does  he  come  again  to  the  pre- 
dominating red  rook,  and  then,  as  will  afterwards  be  shown,  at  a 
horizon  seTcrai  thovsand  feet  higher  up  in  the  geological  scale. 

Succeeding  and  overlying  the  fish-beds  is  a  great  thickness  of 
white  calciferous  sandstones,  till  at  Millstone  Point,  about  one  mile 
nordi  of  the  fallen  rocks,  black  shales  are  met  with  full  of  plant- 
remains  in  the  condition  of  anthracite.  The  observer  next  reaches 
the  sections  of  trap  and  ash  beds,  interbedded  with  shales  and  thin 
seams  of  coal,  among  which  the  late  Mr.  E.  A.  Wiinsoh  made  his 
interesting  discovery  of  a  forest  entombed  in  volcanic  ash,  yet  in 
such  a  way  as  to  preserve  the  minute  structure  of  the  plants.^ 
Mr.  Wdnsch  recorded  the  disinterment  of  fourteen  large  tree  stems, 
and  some  more  were  dug  out  during  the  meeting  of  the  British 
Association  in  Glasgow  in  September  1876. 

Dr.  Bryce  (p.  127)  also  records  the  finding  of  a  palatal  tooth  of 
CUnodvM  eristatus — surely  a  Carboniferous  fish.  The  plants  recorded 
from  this  bed  are  :  SigiUaria,  Halonia,  Lepidodendron,  Lepidostrobus 
(3  species),  AnlkoUihes,  Sphenopter%8,  Stigmaria,  and  Sirohilites. 
Mr.  Wiinsoh  estimated  the  thickness  of  the  igneous  rocks,  with  inter- 
bedded shales,  etc.,  at  about  1000  feet,  and  between  these  and  the 
Old  Red  Conglomerate  there  will  be,  I  should  think,  at  least  as 
much  more. 

The  limestones  (which  are  rettched  after  passing  some  white  or 
^y  sandstones)  follow  next  in  succession,  so  that  there  are  here  some 
2000  feet  of  strata  underlying  the  fossiliferous  limestone.  I  do  not 
hesitate  to  assign  these  strata  to  the  Calciferous  Sandstone  series,  and 
the  great  thickness  of  the  igneous  rocks  among  which  Mr.  Wiinsch's 
discovery  was  made,  to  the  great  outburst  of  Trap  which  extends 
over  Scotland,  and  has  given  origin  to  the  Trap  hills  of  South  Bute, 
Little  Cnmbrae,  North  Ayrshire,  Kilpatrick,  Campsie,  Fifeshire,  and 
the  Lothians. 

The  fossiliferous  limestone  which  occurs  about  100  yards  north- 
west of  the  shepherd's  house  at  Laggan  is  undoubtedly  the  same  as 
that  at  Corrie,  and  contains  the  same  fossils,  the  prevailing  one 
being  ProductuB  giganteus,  which  is  extraordinarily  abundant.  The 
})eculiarity  about  these  is  that  the  shales  are  black,  while  at  Corrie 
they  are  red,  thus  showing  that  the  red  colour  is  merely  a  local 
phenomenon,  even  in  Arran. 

These  limestones  are  succeeded  by  white  and  grey  sandstones  and 
black  shales  alternating.  Some  of  the  shales  are  charged  with  the 
usual  marine  Carboniferous  fossils,  and  extend  along  the  shore  to 
Salt  Pans,  where  they  are  succeeded  by  beds  of  a  different  character ; 

'  Trans.  Geol.  Soc.  Glasgow,  vol.  ii,  p.  97.  For  descriptiona  of  new  species 
from  this  deposit,  see  Mon.  Palaiont.  Soc.  1870 ;  Gkol.  Mag.  18G5,  p.  474  ; 
M.  1867,  p.  551. 
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bat»  as  these  beds  are  not  represented  on  the  southern  part  of  the 
distriot,  I  propose  to  defer  their  consideration  till  I  take  up  the 

others. 

To  return  now  to  the  consideration  of  the  similar  beds  at  the 
southern  portion  of  the  section,  viz.  at  the  820  yards  broad  >Jike, 
whose  southern  edge  terminates  on  the  shore,  opposite  the  school 
grounds  at  Corrie.  As  already  stated,  this  dike  marks  a  great  fault. 
I  am  rather  surprised  that  it  should  not  have  been  recorded  before,  as 
the  evidence  seems  clear  enough.  The  comstones  occur  immediately 
to  the  north  of  it,  while  the  marine  limestones  are  only  a  few 
hundred  yards  south ;  so  that  this  fault  cuts  off  all  the  strata 
represented,  along  about  two  miles  of  shore  on  the  northern  section, 
i.«.  from  the  cornstones  north  of  the  fallen  rocks  to  the  shepherd's 
house  at  Laggan,  t.6.  nearly  all  the  Calciferous  Sandstone  series: 
a  displacement  which  may  be  roughly  estimated  at  about  300  fathoms. 

The  beds  known  as  the  Corrie  Limestone  consist  of  twenty- two 
beds  of  limestone,  interstratified  with  beds  of  red  shale ;  the  total 
thickness  of  limestone  being  about  twenty  feet.  These  beds  are 
referred  to  by  Sir  A.  Geikie  as  follows  (p.  801):  ''A  band  of 
marine  limestone,  lying  in  the  red  sandstone  series  in  Arran,  is 
oniwded  with  ordinary  Carboniferous  Limestone  shells,  such  as 
ProdttclttS  giganteusy  P,  $emireliculatu$,  P.  punctatw,  Chonetes  hard- 
rewttB^  Spiri/er  Uneatiu,  etc." 

The  latter  part  of  this  quotation  I  very  heartily  endorse.  The 
strata,  consisting  of  sandstones,  shales,  etc.,  are  mostly  red.  Even  the 
limestone  fossils  are  as  red  as  the  sandstones  themselves.     Thev  are 

• 

crowded  with  fossils ;  Productus  giganieus  exists  here  by  the  million. 
Owing  to  a  great  upthrow  these  same  limestones  appecur  on  the 
northern  flank  of  the  hill  called  Maoldon. 

Three  other  upthrows  of  the  same  limestone  occur  further  to  the 
south,  but  it  is  unnecessary  here  to  refer  to  them.  There  can  be 
no  doubt  that  these  are  the  same  limestones,  previously  observed  on 
the  north  shore,  near  the  shepherd's  house  at  Laggan.  Generally 
speaking,  the  fossils  are  the  same,  as  is  also  the  character  of  the 
limestone  and  interbedded  shale,  in  all  but  the  colour. 

There  can  be  no  question  that  the  red  colour  is  due  to  the  presence 
of  hematite  iron-ore  distributed  through  the  strata,  and  many  seams 
hold  this  mineral  to  such  an  extent  as  to  soil  the  hands — which  some 
of  the  fossils  will  do  even  after  years  of  exposure  to  the  weather, 
l^hese  ores  also  appear  sometimes  as  seams  of  red  ironstone,  and  at 
other  times  the  ironstone  is  segregated  into  detached  nodules  or  into 
nodular  bands.  Good  examples  of  both  kinds  are  to  be  seen  in  the 
old  quarries,  on  the  hills  behind  the  village,  and  also  on  the  shore  at 
Corrie ;  but,  although  the  prevailing  colour  is  red,  this  is  not  by 
any  means  universal,  and  white  sandstones  are,  and  have  been, 
quarried  behind  the  village  of  Corrie,  both  above  and  below  the 
limestones— 6.^.  in  a  quarry  behind  Corrie  Hotel,  where  a  white 
sandstone  may  be  seen  overlain  by  a  bed  of  fireclay,  containing 
the  usual  Stigmariau  rootlets. 

As  has  abready  been  shown,  the  same  limestone  and  shales  and 
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nndttoneBy  whioh  are  red  at  Gorrie,  are  respectively  black  and  white 
at  Laggan  :  I  submit  that  the  redness  is  only  a  local  peculiarity. 

Taking  op  the  quotation  at  the  point  left  off,  Sir  A.  Geikie 
writes  (pp.  801,  828):  "These  fossils  [i.e,  the  limestone  fosBtls] 
are  absent  from  the  great  series  of  red  sandstones  overlying  tbe 
limestone,  and  do  not  reappear  till  we  reach  the  limestones  in 
the  Lower  Carboniferous  series :  yet  the  organisms  must  have  been 
living  during  all  that  long  interval  outside  of  the  Upper  Old  Bed 
Sandstone  area." 

I  admit  that  the  limestone  fossils  are  absent  from  the  great  series 
of  red  sandstones;  but  when  Sir  A.  Oeikie  infers  that  these  red 
sandstones  contain  Old  Bed  Sandstone  fishes,  I  can  but  ask  for  the 
prodnotion  of  even  a  single  Old  Bed  Sandstone  fish  from  any  part 
of  the  Island  of  Arran.  That  marine  fossils  should  be  ''  absent  from 
the  great  series  of  red  sandstones  overlying  the  limestone''  was  to 
be  expected,  the  fossils  found  in  Carboniferous  sandstones  elsewhere 
being  exclusively  plant-remains,  and  I  am  only  aware  of  one  bed 
of  sandstone  in  the  West  of  Scotland  containing  marine  remains, 
and  that  is  in  the  Upper  Limestone  series. 

Plant-remains  are  even  commoner  in  Arran  than  I  have  seen  them 
elsewhere,  a  fact  already  sufficiently  recorded  by  previous  writers, 
and  which  may  be  easily  verified  by  anyone  who  walks  along  the 
shore  at  Corrie,  where  they  protrude  every  here  and  there  from  the 
sandstone,  while  one  sandstone  intercalated  between  the  limestones 
in  front  of  Corrie  Hotel  is  packed  with  rootlets  of  plants.  Plant- 
remains  are  also  abundant  all  along  the  northern  sections  and  also 
towards  the  south  in  the  cliffs  of  Maoldon. 

{To  be  etmtinued.) 
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Notes  on  the  Evolution  of  the  Genus  Cheiruhus* 

By  F.  R.  Cowper  Rbbd,  M.A.,  F.G.S. 

{Continued  from  the  March  Number^  page  123.) 

ALONG  the  branch  which  is  marked  earlier  by  Cyrtometopus  and 
CheiruruB  {sens,  atr,),  the  last  stage  of  development  corresponds 
with  Salter's  subgenus  Crotaloeephalus,  This  is  almost  entirely 
restricted  to  Devonian  beds,  but  it  is  linked  to  Cheirurus  («eiis.  str,) 
in  time  and  zoological  characters  by  Ch,  Stembergi  (Boeck)  and 
CA.  QaenBtedti  (Barn),  in  which  the  glabellar  side- furrows  hardly  meet 
in  the  middle  of  the  glabella.  The  important  subgeneric  characters  of 
Crotalocephalus  are  the  continuous  first  and  second  side-furrows,  the 
triangular  basal  lobes  which  nearly  or  quite  meet  in  the  centre  of 
the  glabella  at  their  apices,  and  the  nearly  straight  obliquely-directed 
thinl  side- furrows  of  the  glabella.  The  earlier  forms  of  the  subgenus 
have  their  triangular  basal  lobes  still  separated  by  a  median  portion 
of  the  glabella,  as  in  Ch.  Quenatedti,  from  E'tage  E.  lliis  species  has 
a  rather  curiously  specialized  kind  of  pygidium,  with  only  two  pairs 
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of  long  spinose  pleursd ;  the  third  pair  is  very  short  and  radimentary, 
and  of  the  fourth  pair  there  is  no  trace.  It  is  a  noteworthy  point 
that  the  pygidia  of  this  subgenus  are,  as  a  rule,  almost  identical  with 
those  in  the  group  of  Cheirurus  {iens,  ttr.),  with  three  equal  pleura 
with  free  ends  {vide  antea),  and  do  not  show  the  enlaigement  of  the 
first  pair,  as  in  the  Russian  Cheirurns  {aena,  air.). 

The  fullest  development  of  the  special  features  of  this  subgenus 
is  found  in  the  Devonian  species,  such  as  Ch,  gibhus  (Beyr.).  The 
English  forms  are  Ch.  Pengellii  (Whidbome)  and  Ch,  Siembergi 
(Boeck),  from  the  Middle  Devonian  limestones.  No  members  of  the 
genus  are  known  above  the  Devonian,  so  that  stratigraphically,  as 
well  as  in  points  of  anatomical  structure,  Crotalocephalus  is  the 
highest  in  the  series. 

Beturning  now  to  the  point  where  the  main  stem  gave  off  the 
Croialocephalua  and  Paeudoaphterexochua  branches,  we  find  the  latter 
branch  arising  from  the  neighbourhood  of  Ch,  claviger  (Beyr.)  and 
leading  first  to  the  subgenus  Nieazkowahia,  which,  by  the  number  of  its 
pleursd  (12)  and  the  absence  of  a  oonstriction  on  them,  as  well  as  by 
the  presence  of  a  row  of  puncta  instead  of  a  furrow,  and  the  weaknesa 
of  the  fulcrum,  shows  the  persistence  of  certain  primitive  characters, 
and  its  close  connection  with  JEccoptocheile.  But  in  the  pygidium 
we  find  a  very  considerable  amount  of  modification,  and  in  fact 
Nieazhowakia  shows  a  more  specialized  pygidium  than  any  member 
of  the  whole  genus.  This  indicates  that  the  evolution  of  the  different 
parts  of  the  body  did  not  proceed  at  equal  rates ;  and  we  have  seen 
throughout  that  the  pygidium  is  the  part  which  suffers  the  most 
diverse,  irregular,  and  non-consecutive  changes,  being  in  one  case  of 
a  reversionary  type,  while  in  a  closely-allied  species  it  has  characters 
far  in  advance  of  the  amount  of  specialization  shown  by  the  rest  of 
the  body. 

In  Nieazhowakia  the  pygidium  possesses  only  two  pairs  of  pleuroe, 
and  these  end  in  free  points  ;  the  anterior  pair  is  of  huge  size  and 
usually  three  or  four  times  as  large  and  long  as  the  posterior  pair, 
which  it  completely  embraces  laterally. 

The  head-shield  of  this  subgenus  also  shows  a  remarkable  kind  of 
development,  for  the  glabella  is  inflated  posteriorly  and  rises  into 
a  hump,  or  is  produced  into  a  spine.  The  side-furrows  resemble 
those  of  its  immediate  predecessors,  and  the  very  forward  position  of 
the  posterior  branch  of  the  facial  suture,  and  the  small  free  cheek, 
likewise  recall  the  characters  of  Eccoptocheile,  The  type  of  the 
subgenus  is  Ch.  {N.)  cephaloceroa,  and  Angelinas  Cyrtometopua  tnmidua 
and  Cyrto,  gihbua  also  belong  to  it.  Nieazkowakta  occurs  in  the  lower 
part  of  the  Ordovician  of  Russia  and  Sweden. 

The  last  stage  of  this  line  of  development  is  shown  by  the  sub- 
genus Paeudoapharexochua,  which  in  its  glabella  resembles  Sphtfr* 
exochua,  though  the  basal  lobe  is  not  so  strongly  or  so  completely 
marked  off.  The  posterior  branch  of  the  facial  suture  cuts  the  outer 
margin  of  the  head-shield  such  a  short  way  in  front  of  the  genal 
angle  that  it  prepares  us  for  the  state  of  things  in  Spharexochuaf 
where  the  suture  cuts  the  genal  angle  itself.      The  pleurae,  with 
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•  nearly  obsolete  line  of  panota  or  with  a  plain  Burfaoe,  likewise  are 
preliminary  to  the  smooth  pleursd  of  Spharexochus.  The  presence  of 
&  distinot  fhlomm  is  an  advance  on  Nieszkowikia  and  the  non- 
folomm-bearing  pleuree  of  Beeoptocheile,  The  four  pairs  of  pleurae 
to  the  pygidium  with  free  ends  are  reversionary,  and  again  point  to 
the  independent  evolution  and  modification  of  the  pygidium.  In 
IiDgland  the  only  species  so  far  recognized  are  Ps.  eonformis  (Ang.) 
and  Ps.  »nbquadraiu8  (Reed  MS.)  from  the  Eeisley  Limestone,  and 
P$,  maroides  (Marr  and  Nicholson)  from  the  Stookdale  Shales.^ 

A  small  gpx>up  of  species,  of  which  Ch,  octolobaiua  (Salter)  is  an 
example,  stands  apart  from  those  ahove  described,  by  a  combination 
of  charaotera  showing  widespread  and  complex  affinities.  The 
smooth  pleurso  and  the  glabellar  furrows  resemble  those  of  Paeudo- 
tpharexoehuBf  while  the  veiy  small  free  cheeks  and  position  of  the 
facial  suture  ally  Salter's  species  ( Ch,  ociolohaiu$)  with  Nieszkowahia. 
Bat  several  features  of  the  head-shield,  pleurae,  and  pygidium  seem 
to  link  it  to  the  Bohemian  species  Ch,  negUcitts  (Barr.)  and  Ch,  com' 
pletu9  (Barr.)  of  Dd  5,  and  through  them  to  the  transitional  forms 
between  Eceoptocheile  and  Cyriometopus, 

The  relationship  of  Ch,  trisptnosus  (Young),  of  the  Penkill  mud- 
stones  of  Oirvan  and  the  Silurian  of  (Gothland,  is  doubtful ;  but  its 
discoverer,  Prof.  Toung,  suggested  that  it  might  be  necessary  to  create 
a  special  genus  for  its  reception,'  and  Lindstrom*  has  recently  done 
80,  and  placed  it  in  a  new  genus,  Youngia,  along  with  two  new 
Gothland  species — F.  inermts  (Lindstr.)  and  F.  glohiceps  (Lindstr.). 

The  American  species  of  Cheirurua  have  not  been  taken  into 
aooount  in  the  foregoing  sketch  of  the  affinities  and  evolution  of  the 
ipecies  of  the  genus,  because  specimens  of  them  are  not  sufficiently 
common  nor  their  characters  adequately  known  in  this  country  to 
admit  of  speculations  of  any  value. 

DiSTBIBUTION   IN   SpACE. 

The  theory  of  the  existence  of  North  and  South  European  provinces 
for  trilobites,  at  any  rate  during  a  great  part  of  Lower  Palaeozoic  time, 
seems  to  rest  on  a  considerable  accumulation  of  evidence,  and  in  the 
case  of  Cheirurus  we  can  clearly  perceive  several  facts  in  its  support. 

Firstly,  we  find  that  the  Cyriometopus  group  attained  a  greater 
development  in  the  north  of  Europe  than  in  the  south ;  its  species 
were  much  more  numerous  and  its  diversity  of  form  much  greater. 

Secondly,  we  find  that  southern  Europe  was  characterized  by  the 
absence  of  the  northern  forms  Nieszkowskiay  PaeudoapharexochtiSy  and 
Spharoeoryphe, 

Thirdly,  we  find  that  the  Cheirurus  (Eccopto,)  daviger  group  is 
confined  to  the  south.  This  group  of  species  contains  the  earliest 
members  of  the  genus  in  Bohemia,  and  in  that  country  alone  a  fairly 

*  Quart.  Joum.  Geol.  Soc.,  yoI.  xliv,  1888,  p.  722,  pi.  xvi,  fig.  9. 

*  Young.     Proc.  Nat.  Hist.  Soc.  Glasfjow,  1868,  I,  pt.  i,  p,.  171,  T.  i,  figs.  4,  6b. 
'  Lindstrom.     Forteckning  pa  Gotland  Siluriska  Cnistaccer,  in  Ofversigt  Kongl. 

Vet.  Akad.  FSrhandl.  1885,  No.  6,  p.  60,  T.  xiii,  figs.  11,  12. 
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oonseoutive  series  of  transitional  forms  oan  be  traoed  upwards  from 
it  to  Croialoeephalue.  , 

The  stratigraphical  gap  between  Etages  C  and  D  in  that  area  may 
aooount  for  the  absence  of  the  Anacheirurua  and  early  Eecoptoeheile 
forms. 

In  the  northern  provinoe,  on  the  other  hand,  the  zoological  hiatus 
oocurs  between  the  early  EceoptocheiU  and  its  nearest  ally,  Nieszhow* 
skia,  on  the  one  side,  and  Cyriometopm  on  the  other  side.  The 
Bohemian  Oh.  claviger  group  supply  the  missing  links,  and  we  may 
not  unreasonably  suppose  that  there  was  some  oommunioation,  if 
only  oooasional  and  intermittent,  between  the  two  provinces.  The 
manner  in  which  the  Cyrtometopus  branch  is  connected  with  the 
earlier  forms  of  the  whole  genus  seems  to  indicate  this.  It  does  not 
appear  improbable  that  a  few  migrants  of  the  Ch.  claviger  group 
wandered  north  from  Bohemia,  and,  meeting  with  changed  conditions 
and  a  new  environment,  developed  rapidly  into  the  peculiar  northern 
species  of  Cyrtometopus^  and  branched  off  into  the  NienJcowakia, 
Spharocoryphe,  and  Peeudospharexochm  types ;  while  their  southern 
contemporaries  and  congeners,  under  less  variable  and  more  uniformly 
changing  conditions,  pursued  the  steady,  undeviating  march  of  direct 
development  without  giving  off  side-branches. 

The  physical  or  biological  conditions  of  northern  Europe,  moreover, 
appear  to  have  affected  the  pygidia  in  a  special  way,  leading  to  the 
formation  of  the  Cyrtometopian  type,  which  is  common  tQ  the  majority 
of  the  northern  species  of  the  subgenus  Cheirurua ;  while  in  Bohemia 
the  same  subgenus  has  pygidia  closely  resembling  those  of  the 
ancestral  Eeeoptocheile.  An  intercommunication  of  the  two  provinces 
is  suggested  by  the  presence  of  some  southern  types  in  the  north, 
especially  in  Great  Britain,  where  the  southern  type  of  pygidium  in 
the  subgenus  Cheirurue  is  predominant 

The  subgenus  Crotalocephalu$,  with  its  uniform  characters 
throughout  North  and  South  Europe,  appears  to  have  had  its  birth- 
place in  the  southern  province  in  Silurian  times,  and  to  be  a  direct 
offspring  of  the  typical  southern  forms  of  Cheirurus  {aens.  atr.).  In 
the  Devonian  period  it  overspread  the  northern  area  as  well,  but  did 
not  suffer  any  further  modification  in  spite  of  this  enlargement  of 
its  area  of  distribution. 

LIST  OF  PRINCIPAL  EUROPEAN  SPECIES  OF  THE   GENUS 

CSBIItUItUS. 

Cheirurut  {AnaeheiruruSf  nom.  prop.)   Frederiei  (Salter).     BritiBh  only:   Upper 

Tremadoc,  North  Wales. 

Cheirunu  (EceoptocheiU)  Sedgwieki  (Salter).    British  only:    Llandeilo  Flags,  South 

Wales. 
claviger  (Beyrich). 
Ouillieri  (De  Tromelin). 
pater  (Barrande). 
marianua  (De  Vemeail). 
perlata  (Hawle  and  Corda). 
curta  (Hawle  and  Corda). 
Ihtroeheri  (Ronault). 
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ChHrurm  (EeeoptoeheiU)  tmUeauda  (Barrande). 

(allied  to  EeeoptoehHU)  UuociaUs  (Barrande). 
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)  ffloboeue 

Cyrtometopus)  nepUetus 

99 

)  eompletus 

99 

etc.; 

1  octolobatue 

(M*Coy).    British  only : 

99 

99 

)  latilobus  (Linnarsaoii). 

Bala. 


iCjfrtometoput)   elavifnms    (Dalman).      P  BritiBh :     Keialey    Limestone, 
(         „  )  qfinie  (Angelin).  [Eeialey,  etc. 

(  „  S  Zemhnitzki  (Eichwald  ap.). 

(         y,  j  verrueoeus  (Brogger). 

Umgiepinut  (Angelin). 
diaeanthus  (Angelin). 
Plautini  (Schnudt). 
BoeenthaU  (Schmidt). 
juvenie  (Salter).    British  only  :    Bala. 
SemUpheeroeorffphe^  nom.  prop.^  pteudoKemieranium  (Nieszkowski  sp.). 

„  ,,       )  aritft  (Eichwald  sp.). 

(Sphmroeorpphe)  erattium  (Kutorffa  sp.). 
(         99  )  jy^ytfraMiMni  (Kutorga  sp.). 

(         ff  S  euurui  (Eutorga  sp.). 

(         „  )  Subneri  (Schmidt). 

granulatue  (Angelin). 
detUatue  (Angeun) . 
unieue  (Wyrille   Thomson    sp.). 
Ifieukowtkia)  cephaloeerot  (Nieszkowski  sp.). 
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itumidtta  (An^lin). 
variolarie  (Linnarsi 


British  only:   Bala, 
[Wales ;  ana  Ginran. 


innarsson). 


)  Koehii  (Boll). 

)  [  =s  Cyrt&metopue  gxbhua  (Angelin)]. 
PHudotphmrexockue)  hemicranium  (Kutorga  sp.). 


99 
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99 
99 
99 
99 
99 
99 
99 
99 
99 


(  ,,  )  tfOfi/brmM  (Angelin  sp.).     In  Britain :  Keisley  Lime- 

stone, Keisley,  and  Chair  of  Kildare. 

Roemeri  (Schmidt). 

Pahn$eh%  (Schmidt). 

tnoroides   (Marr   and   Nicholson).       British  only  : 

latieepa  (Linnarsson  sp.).  [Stockdale  Shales. 

approximatue  (Eichwala  sp.). 

tubquadratua  (Heed  MS .) .   Keisley  Limest. ,  Keisley . 

tenuispinue  (Linnarsson  sp.). 

octacanthut  (Anzelin  sp.). 
f)  Wegelini  (Angelin  sp.). 
P)  granulatus  (Angelin).     {Spharexoehut  granulatus,) 

Group  I,  with  Cyrtometopian  pygidium. 

(Cheirurut,  sens,  str.)  exeul  (Beyrich). 

gUtdiatar  (Eichwald). 

maerophthaUnut  (Kutorga). 

teutiger  (Eichwald  sp.). 

spinulonu  (Nieszkowski). 

aculealus  (Eichwald  sp.). 

approximatue  (Eichwald  sp.). 

glaber  (Angelin).     In  Bntain  :    Keisley  Limestone, 

ingrieue  fSchmidt).  [Keisley. 

ornatui  (Dalman). 

punetatus  (AngeUn). 

ipeeioeue  (Hiainger). 
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Chei 


vnts  (Cheirurut,  sens,  sir.)  GotlamKetu  ^JiMibm), 

propmquut  (MuiiBter). 
tubulatua  (Linnanson). 
keitUyentU  (Beed  MS.)*    Keisley  limeBtone. 
gela»ino8U9  (Portlock  sp.).      fintish  only:    Bal 
^airM  (BaxTUide).  [Giryan ;  and  IieUi 

etnrfonmt  (Angelin). 


Qroup  n. 


>» 

>> 
>> 
91 
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>> 


\  himuerimatHa  (Mnrchison  sp.). 


HmMeronatut  rar.  a,  Hmuenmaiut  (Salter).    Briti 
only :  Bala  to  Ludlow. 
(  „  )  himuenmatut  rar.  $,  oenirali*  (Salter).  Britbh  onl 

Bala  to  Ludlow. 
(  y,  )  bwuiertmatut  var.  aeamthod&t  (Marr  and  Nicholao] 

Stockdale  Shales. 
infignu  (Barrande). 
QiumtetUi  (Barrande). 
QuMttedii  Tar.  prmeuner  (Freeh). 
Beyrieki  (Barrande). 

^mmutfrvMo^itf  (Miinsfter).    P  Ireland;  Bala. 
J  obiumtut  (Corda). 

n  eanenmu  (Salter).     British  only:   Bala. 
f)  HfuntUut  (Barrande). 
Crotalocephahu)  8t$mbergi  (Boeok).    Middle  Devonian,  Lnmmaton. 
Stembtryi  var.  interrupta  (Eayser). 
gibhut  (Beyrich). 

giMnti  Tar.  inUrrupta  (Barrande). 
pa%iper  (Barrande). 
myopt  (Roemer). 

artieulatu*  ()Avju^),    P  British.    DeTonian. 
)  Lenoiri  (Bergerson). 

iFengellii  (Wnidbome).    British  only.     Mid.  DeTonis 
Cofiai  (Barrande). 


DoxniTFUL  Position. 


Ckeirurut  fortU  (Barrande). 

vinculum  (Barrande). 
radiatut  (Barrande). 


9t 


C^runu  mimuiui  (Barrande). 
dubiut  (Pompecki). 
P  deeaetmthut  (Angelin). 


*  The  description  of  these  new  spedes  will  shortly  be  pubUshed. 
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GEXEEAL  RANGE   OF  SUB-GENERA   OF   CEEIRURUS  IN  TIME 

IN  EUROPE. 


Cambrian 

Orcfouician 

Silurian 

Devonian 

^VyrfjAv^wt^"^*** 

Ckeiruru$,  sens,  str 

CvrtowutovuM 

Spki^ocoryphs •.•••••• 

\ 

NittUtowtkia     • 

— 

FteudoipharexoeAut      

Eeeqptoeheile .. 

AndehnruruB ■• 

TL— Thk  Altered  Clastio  Books  of  the  Southern  Hiohlahds, 

THEIR  Structure  and  Suooession. 

By    Peter    Macnair. 

1.  Introductory. 

rtbe  following  paper  I  propose  to  give  an  account  of  some 
observations  upon  the  structure  and  succession  of  the  rocks 
of  the  Southern  Highlands.  By  the  term  Southern  Highlands 
I  mean  that  part  of  the  Scottish  Highlands  lying  immediately  to 
the  north- west  of  the  great  line  of  fault  separating  the  older  rocks 
of  the  former  area  from  the  younger  Old  Bed  Sandstone  series  of 
the  low  grounds. 

The  more  detailed  stratigraphical  part  of  the  work  which  I  have 
been  enabled  to  undertake  has  principally  been  confined  to  the 
central  parts  of  Perthshire,  and  the  sections  illustrative  of  the 
structure  of  the  Southern  Highlands  will  be  principally  drawn  from 
that  source.  But  it  will  be  evident  to  anyone  upon  the  inspection  of 
&  geological  map  that  such  sections  will  be  more  or  less  typical 
of  the  whole  series,  seeing  that  the  rocks  strike  in  such  a  prevalent 
north-east  and  south-west  direction  across  the  whole  country. 

The  principal  object  of  the  paper,  then,  will  be  to  give  an  account 
of  the  altered  clastic  rocks  of  the  district,  only  mentioning  in- 
cidentally, and  where  it  is  necessary  for  making  the  sections  clear, 
the  occurrence  of  igneous  rocks.  The  nature  of  these  clastic  rocks 
^  altered  sediments  has  now  been  long  known,  but  the  more 
<^ifficult  points  involving  their  structure,  succession,  and  relationships 
^ve  not  been  at  all  understood  ;  and  it  is  to  these,  then,  I  would 
more  particularly  draw  your  attention,  trusting  to  be  able  to  throw 
^me  light  upon  the  somewhat  obscure  and  difficult  subject. 
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n.  Work  of  Freyiotjs  Obskrykbb. 

Before  passing  to  the  more  immediate  subject  of  the  paper» 
I  would  here  briefly  refer  to  the  work  of  some  of, the  previous 
observers  upon  this  district,  and  that  for  a  more  particular  reason, 
namely,  that  justice  may  be  done  to  one  of  the  most  illustrious 
names  connected  with  Scottish  geology,  I  mean  James  Niool,  whose 
knowledge  of  the  Highland  rocks  and  abilities  as  a  stratigrapher 
was  far  in  advance  of  his  time. 

In  the  years  1860-1  Murchison  and  Oeikie,^  and  also  R  Harkuess,' 
published  papers  dealing  with  certain  traverses  of  the  Southern  and 
Central  Highlands.  These  papers  were  naturally  based  on  the 
supposed  succession  in  the  north-west  of  Sutherlandshire,  so  that 
their  observations  were  no  doubt  to  a  great  extent  overshadowed  by  it, 
Murchison  and  Greikie  being  of  course  predisposed  to  the  old  theory^ 
so  that  they  saw  nothing  in  these  traverses  but  what  conformed  to  it, 
and  that,  simply  put,  was  that  all  the  rocks  below  any  limestone 
band  were  quartzose  and  flaggy,  and  represented  their  lower  series^ 
and  all  above  it  were  micaceous  and  schistose,  and  representiog 
their  upper  series;  though  the  latter  seems  to  have  had  serious 
doubts  on  the  matter,  not  being  able  to  make  nature  fit  the  theory, 
the  consequences  of  the  whole  being  that  the  true  mineralogical 
character  of  the  beds  and  their  stratigraphical  succession  escaped 
them. 

The  paper  of  Harkness  bears  upon  itself  such  evident  mis- 
conception of  the  mineral  characters  of  the  Highland  rocks,  which 
had  idready  been  established  by  such  observers  as  Maculloch,  as 
to  render  it  entirely  worthless  from  a  geological  point  of  view. 
For  instance,  a  comparison  of  the  description  of  the  Pass  of  Leny 
section  with  that  given  by  Nicol  the  following  year,  shows  clearly 
the  difference  in  value  of  the  two  observers'  work. 

Turning  now  to  Nicol's  paper,'  published  in  1862,  we  find  it 
thoroughly  characteristic  of  the  man.  His  reading  of  the  sections 
are  simple  descriptions  of  what  he  saw  in  nature.  At  the  outset 
he  states  the  object  of  his  paper,  which  was  to  investigate  the 
relationships  of  the  three  great  formations,  the  clay -slate,  the  mica- 
slate,  and  the  gneiss  ;  and  though  he  seemed  to  be  burdened  with  the 
Wemerian  doctrine  of  their  succession,  yet  his  paper  seems  to  me  to 
show  his  masterly  conception  of  what  the  unravelling  of  the  Highland 
rocks  meant.  The  manner  in  which  he  chose  his  sections,  and  the 
faithful  description  he  gave  of  their, rocks,  are  scarcely  surpassed 
by  those  of  the  Geological  Survey  of  the  present  day,  who  have 
adopted  much  the  same  methods  in  attacking  the  Highland  problem. 
His  method  was  to  take  a  series  of  sections  at  different  points  from 
east  to  west  across  the  Highlands  from  the  verge  where  they  abut 
against  the  Old  Bed  Sandstone,  explaining  their  principal  mineral 

>  "Altered  Rocks  of  the  Central  Highlands"  :  Quart.  Joum.  Geol.  Soc.  1861. 
'  "On  the  Bocks  of  Portions  of  the  Highlands  of  Scotland*':  Quart.  Journ.  Geol. 
Soc.  1861. 
*  "  Southern  Grampians  " :  Quart.  Joum.  Geol.  Soc.,  vol.  xiz,  p.  180. 
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tnd  sfcraiigraphioal  feataies.     He  notioed  in  all  his  aeotions  the 

ooonrrenoe  in  r^ular  order  of  clay-slatee,  grits,  greywackes,  and 

mioa-aohists.    He  also  notioed  the  reversal  of  dip  from  south-east  to 

north- weat  as  he  prooeeded  from  west  to  east  across  the  Grampian 

range.     His  final  conclusion,  however,  as  to  the  south-east  heing 

the  normal  dip,  and  the  day-slates  consequently  being  the  highest 

members  of  the  series,  while  the  north-westerly  dip  and  consequent 

infraposition  of  the  slates  was  owing  to  a  reversal  of  the  normal 

order,  seems  now  to  have  been  incorrect,  and  was  probably  owing 

to  hia  strong  Wemerian  leanings.     After  the  publication  of  these 

papers  little  or  nothing  seems  to  have  been  done  in  the  investigation 

of  these  rocks.    The  great  name  of  Murchison  and  the  assent  of 

rabb  men  as  Harkness,  Kamsay,  and  Oeikie  swayed  the  scientific 

world,  and  Nicol  and  his  papers,   both  on  the  North-west  and 

Southern  Highlands,  were  soon  forgotten.    However,  time  and  the 

imdianging  mountains,  in  whose  hands  this  great  geologist  had  to 

leave  his  cause,  eventually  proved  the  truth  of  his  observations  and 

dsdootions.      Afterwards    the  work   of    Dr.   Callaway   and   Prof. 

Lipworth  in  the  north-west  re-awakened  interest  in  the  problem, 

the  results  being  the  final  establishment  of  the  essential  principles 

arrived  at  and  maintained  by  Prof.  NiooL 

In  a  brief  summary  of  the  rocks  of  Highland  Perthshire,'  by 
Hr.  H.  Goates,  F.RS.E.,  and  myself,  published  in  1891,  we  gave 
a  table  of  the  succession  of  the  Highland  rocks,  which,  though  not 
•0  miioh  in  detail,  was  practically  the  same  as  that  given  at  the 
end  of  this  paper,  and  similar  to  the  succession  afterwards  given 
by  Sir  A.  Geikie  as  the  work  of  the  Geological  Survey  in  his 
Presidential  Address  to  the  Geological  Society,  the  great  argillaceous, 
amnaoeous,  and  limestone  zones  being  then  marked  out  as  follows, 
in  a  descending  order  : — 

6.  Qnartzites,  grits,  greywackes,  and  other  arenaceous  rocks. 

5.  Mica-schists,  quartz-schists. 

4.  Calcareous  mica-schist  and  pure  limestone. 

8.  Mica-schist  and  quartz-schist  in  varying  proportions. 

2.  Quartzite,  grit,  grey wacke,  and  conglomerate. 

L  Clay-slates,  phyllites,  and  other  argillaceous  rocks. 

In  the  explanatory  note  accompanying  his  geological  map  of 
Scotland,'  published  1892,  Sir  A.  Geikie  gives  a  brief  summary 
of  these  rocks,  using  the  term  Dalraidian  to  define  them,  as  he 
bad  previously  proposed  in  his  Presidential  Address.'  He  again 
refers  to  the  oocurrence  of  annelid  tubes  in  the  quartzites,  but  does 
not  give  their  localities  or  horizons,  and  whether  they  are  identical 
^ith  those  described  by  the  Duke  of  Argyll*  and  the  author^  in 
1889 1  am  unable  to  say. 

^  TnnaactionB  Perthflbire  Society  of  Natural  Science,  toI.  i,  p.  221. 

*  Explanatory  Notes  to  Geological  Map  of  Scotland,  p.  8. 

'  Presidential  Address,  Quart.  Joum.  Geol.  Soc,  toI.  xlvii,  1891. 

*  "Bodies  of  Or^c  Oririn"  :  Roy.  Soc.  of  Edinburgh,  1888-9,  p.  40. 

*  Trans.  Perthshire  Soc.  of  Nat.  Science,  toL  i,  p.  116. 
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In  the  last  edition  of  his  textbook,^  published  1893,  Sir  A.  Oeikie 
gives  a  short  .account  of  the  work  of  the  G^logical  Survey  amongst 
the  rooks  of  the  Central  and  Southern  Highlands.  He  there  says  it  is 
deserving  of  remark  that  the  rooks  along  the  southern  margin  of  the 
Highlands  are  for  the  most  part  so  little  affected  as  closely  to  resemble 
portions  of  the  analtered  Silurian  series  of  the  South  of  Scotland,  and 
that  they  dip  towards  the  mountains,  being  more  highly  foliated 
and  crystalline  as  they  recede  from  the  Lowlands.  This  may  be 
practically  said  to  be  all  that  is  at  present  known  of  the  strati- 
graphical  affinities  of  these  rocks,  a  fact  which  was  pointed  out 
nearly  fifty-one  years  ago  by  James  Niool ;  and  from  this  fact, 
with  his  description  of  the  Southern  Highlands  and  his  theory  of 
the  north-west,  taken  together,  it  will  be  found  that,  generally 
speaking,  our  knowledge  of  the  geological  structure  of  the  Scottish 
Highlands  has  not  much  advanced  beyond  where  Niool  left 
it.  It  is  quite  evident  from  his  writings  that  he  saw  dearly 
the  fallacy  of  Sir  B.  Murchison's  observations  and  deductions  as 
to  the  supposed  north-west  succession,  and  this  being  so  it  left 
him  untrammelled  in  his  descriptions  of  the  other  parts  of  the 
Highlands,  so  that  we  find  them,  as  1  have  already  said,  perfect 
transcriptions  of  what  he  saw  in  nature.  He  states  his  position 
on  this  point  very  clearly  in  the  conclusion  of  his  famous  paper.' 
There  is  no  evidence,  he  says,  to  connect  the  great  mass  of 
crystalline  schists,  stretching  from  the  north  coast  of  Sutherland 
to  the  south  of  Inverness-shire,  more  closely  with  the  mica-slates  of 
Ben  Hope  than  with  the  gneiss  of  Scourie  Loch,  Inver,  and 
the  Gairloch,  or  to  justify  us  in  throwing  aside  mineral  characters 
for  some  assumed  synchronism  in  the  age  of  the  original  but  now 
wholly  altered  deposits. 

III.  Lower  Aroillaobous  Zone. 

At  the  end  of  the  paper  I  have  bracketed  together  into  zones 
and  given  in  the  form  of  a  table  the  chief  rock  groups  occurring 
in  the  Southern  Highlands.  Perhaps  a  word  explaining  the  table 
would  be  of  advantage  here.  The  table  is  a  descending  one,  the 
highest  rocks  being  placed  at  the  top,  the  lowest  at  the  bottom. 
They  have  been  grouped  together  into  zones  under  their  larger 
lithological  features,  which  will  be  found  to  be  more  or  less 
characteristic  of  each  rock-bed.  As  I  mentioned  before,  these  zones 
have  principally  been  determined  from  sections  in  Perthshire,  but 
they  undoubtedly  range  across  the  country  from  shore  to  shore  in 
a  succession  similar  to  that  occurring  in  Perthshire.  The  lowest 
member  of  the  series  (the  lower  argillaceous  zone)  given  in 
my  table  is  one  whose  lithological  features  are  so  well  known 
as  scarcely  to  need  description.  Outcropping  at  almost  the  base  of 
the  exposed  rooks  of  the  Southern  Highlands,  it  strikes  across  their 
flanks  from  north-east  to  south-west.     It  does  not,  however,  mark 

^  Textbook  of  Geology,  3rd  edition,  pp.  627,  708. 

'  **  North-west  Highlanda  " :  Quart.  Joum.  Geol.  Soc,  toI.  xWi,  1860. 
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the  real  base  of  the  system,  that  being  covered  by  the  later  over- 
lapping  Old  Bed  Sandstone  series,  the  clay-slates  often  being  seen 
to  pass  downwards  before  plunging  beneath  the  Old  Red  Sandstone 
basiEd  oonglomerates  into  grits  and  greywaokes  similar  to  those 
which  overlie  it.  These  argil laceoas  rocks  are  therefore  intercalated 
between  the  grits,  greywaokes,  and  oonglomerates  of  the  lower 
irenaoeoas  group,  and  represent  a  period  of  sedimentation,  during 
which  the  land-surface  had  reached  a  maximum  of  depression  beneath 
the  waters  of  the  ocean. 

The  principal  rocks  of  this  zone  are  clay-slates,  phyllites,  black 
shales,  and  limestones,  the  typical  rock  of  the  whole  being  the  clay- 
lUte,  which  is  simply  a  highly  indurated  mud  upon  which  a  fine 
fissile  structure  has  been  superinduced  by  metamorphism.  As  a  rule, 
the  cleavage  of  these  rocks  coincides  with  their  bedding;  this  is 
shown  by  the  manner  in  which  these  slates  are  intercalated  between 
the  bedding  planes  of  the  grits  and  oonglomerates  of  the  arenaceous 
Bona.  There  is,  therefore,  seldom  evidence  of  any  more  than  the  one 
set  of  divisional  planes.  Occasionally,  however,  evidences  of  other 
divisional  planes  cutting  across  the  former  are  to  be  met  with. 

Sometimes  the  clay -slates  pass  into  a  fine  lustrous  or  micaceous 
variety,  to  which  the  term  phyllite  has  been  applied.  These 
phyllites  seem  to  me  to  be  simply  further  stages  in  the  process  of 
metamorphism,  and  probably  link  the  clay-slates  with  such  highly 
foliated  crystalline  rocks  as  the  sericite  schist  of  Ben  Lawers.  These 
phyllites  show  an  occasional  tendency  to  foliation,  as  seen  in  the 
beds  above  Loch  Lubnaig. 

Towards  the  north-east  this  argillaceous  zone,  which  is  thus  found 
to  form  the  outer  edge  of  the  Southern  Grampians,  dips  inwards,  and 
is  seen  to  be  overlain  by  the  main  mass  of  the  Grampian  range. 
On  tracing  this  zone,  however,  towards  the  south-west,  a  gradual 
reversal  of  the  dip  towards  the  south-east  is  seen  to  occur.  It  will 
be  evident,  however,  from  sections  to  be  described,  that  the  order 
occurring  in  Perthshire  and  further  to  the  north-east  is  the  normal 
order,  while  that  seen  at  Loch  Lomond  and  further  westwards 
represents  a  reversal  of  the  beds.  Black  graphitic  shales  are  also  to 
be  met  with  upon  this  horizon,  though  they  do  not  seem  to  be  as 
extensively  developed  as  in  the  upper  argillaceous  zone,  which  will 
be  noticed  later  on. 

Limestone  is  also  to  be  found  on  this  horizon,  as  at  the  Pass  of 
Leny,  above  Kilmahog  old  toll -house,  which  will  be  described  in  the 
Pass  of  Leny  section.  I  am  also  led  to  understand  that  it  has  been 
lean  further  to  the  east,  near  Birnam. 

lY.  LowEB  Arbnaoeous  Zone. 

Underneath  and  immediately  above  the  lower  argillaceous  zone 
jUBt  described  we  find  a  series  of  rocks,  varying  from  a  fine-grained 
greywacke,  through  quartzites  and  grits,  to  coarse  conglomerates,  to 
the  whole  of  which,  taken  together,  we  have  given  the  name  lower 
srenaceous  ssone.  As  before  remarked,  the  lower  argillaceous 
zone  is  intercalated  between  these  rocks,  and  is  seen  at  some  places 
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to  pass  downwards  into  them,  though  they  are  soon  covered  by  the 
later  Old  Red  Sandstone  oonglomerates.  Above  the  argillaoeoiis 
zone,  however,  a  strong  and  constant  band  of  these  arenaceous  rocks 
is  well  developed.  Along  the  shores  of  Loch  Lomond  they  are  to  be 
seen  below  Bowardennan,  being  also  well  exposed  near  Sallachie 
Wood,  from  whence  they  strike  northwards,  being  well  developed 
along  the  northern  shores  of  Loch  Katrine.  Still  further  eastwards, 
massive  beds  characteristic  of  this  zone  are  seen  in  Ben  Ledi; 
passing  further  along  the  line  of  strike,  they  are  shown  in  Ben 
Yorlich,  around  St.  IHllans,  in  Olen  Leadnock,  thence  by  Dunkeld 
Bridge  of  Oally,  and  onwards  to  the  sea  above  Stonehaven.  The 
rocks  of  this  lower  arenaceous  group  are  easily  recognized  by  their 
scarcely  altered  fragmental  aspect,  showing  little  or  no  evidence  of 
the  intense  metamorphism  which  is  to  be  found  nearer  the  centre  of 
the  Highland  area.  They  have,  of  course,  been  more  or  less  indu- 
rated, but  they  rarely  show  such  evidences  of  extreme  crystallization 
and  foliation  as  are  to  be  found  amongst  some  of  the  higher  zones  to 
be  described.  The  rocks  of  this  zone  vary  from  exceedingly  fine 
light  or  dark  greywackes  (which  are  hardly  to  be  recognized  from 
an  igneous  rock,  so  fine  is  their  texture  through  grits,  with  their 
pebbles  of  quartz  and  felspar  set  in  a  fine  matrix  of  comminuted 
felspathic  matter)  to  massive  conglomerates  with  pebbles,  often  as 
large  as  an  inch  and  more  in  diameter.  These  fine-grained  grey- 
wackes often  exhibit  a  closely  banded  structure  of  lighter  and  darker 
shades  of  grey,  which  is  undoubtedly  referable  to  the  original 
sediments  out  of  which  the  beds  have  been  formed. 

Y.    MiDDLB   ArBMAOEOUS   ZOMB. 

The  next  zone  in  ascending  order  is  that  to  which  we  have  given 
the  name  middle  arenaceous  zone,  because  it  is  found  to  lie  between 
the  lower  arenaceous  group  just  described  and  an  upper  argillaceous 
and  arenaceous  zone,  from  both  of  which  it  is  easily  distinguished  by 
its  lithological  features.  Intercalated  in  this  group  occurs  the  Loch 
Tay  limestone  zone,  about  to  be  described. 

The  characteristic  rocks  of  this  middle  arenaceous  group  are 
a  series  of  mica-schists,  quartz- schists,  and  grits.  They  are  more 
highly  foliated  than  the  arenaceous  groups  below,  and  seem  to  have 
suffered  a  further  degree  of  metamorphism.  Upon  the  whole,  they 
seem  to  present  more  of  an  arenaceous  than  an  argillaceous  af&nity, 
they  being  easily  distinguished,  as  I  have  already  remarked,  from 
the  arenaceous  band  below.  Geographically,  they  extend  in  a  broad 
band  across  the  country  in  a  similar  manner  to  those  zones  just 
described,  occupying  the  region  between  the  lower  arenaceous  group 
on  the  south  and  the  upper  argillaceous  zone  on  the  north.  They 
are  well  exposed  in  the  valley  of  the  Dochert,  the  braes  of 
Balquhidder,  also  on  the  hills  that  lie  between  Loch  Earn  and  Loch 
Tay,  stretching  north-eastwards  by  Aberfeldy,  Pitlochiy,  and  thence 
onwards  into  the  Eastern  Grampians,  where  they  seem  to  have  been 
largely  displaced  by  the  later  eruptive  masses  of  granite  and  other 
igneous  rocks. 
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The  qoaiiz-sohistfl  and  mica-sohists  of  this  zone  represent  between 
their  two  extremes  an  infinite  variation  of  their  two  oonstitiient 
minerals — mioa  and  quartz.  The  quartz-schists  seldom,  however, 
lose  80  mnch  of  their  mioa  as  to  approach  the  typical  quartzites  of 
the  lower  zone,  while  the  mica-schists,  on  the  other  hand,  rarely 
become  bo  argillaceous  as  to  approach  the  finely  foliated  mica-schist 
of  the  apper  argillaceous  series.  Both  the  micaceous  and  quartzose 
varieties  are  often  highly  charged  with  garnets,  as  in  and  around 
both  Loch  and  Strath  Tay. 

The  grits  of  this  series,  like  the  other  members  just  described, 
show  a  more  distinct  tendency  to  foliation  than  those  belonging  to 
the  lower  series,  the  finer  matrix  in  which  the  pebbles  of  quartz  are 
imbedded  becoming  more  or  less  foliated,  and  wrapping  each  in- 
dividual pebble  in  a  series  of  plates  of  mica,  giving  the  rock 
somewhat  of  a  gneissose  aspect.  The  larger  pebbles  of  quartz  show 
evidence  of  having  been  drawn  out  along  the  lines  of  shear,  and  look 
more  like  veins  of  segregation  than  original  quartz  pebbles. 

YI.  Thb  Looh  Tat  Limestone  Zone. 

The  next  zone  which  falls  to  be  mentioned  is  that  of  the  Loch 
Tay  limestone,  which,  as  we  have  already  noticed,  is  found  inter- 
calated in  our  middle  arenaceous  group,  the  quartz  and  mica-schists 
of  the  latter  being  found  both  to  underlie  and  overlie  the  band  of 
limestone.  The  rocks  of  this  zone  are  not  always  pure  limestone, 
bat  often  pass  into  a  calcareous  mica-schist,  the  whole  pointing,  as 
in  the  lower  argillaceous  zone,  to  the  land-surface  having  reached 
a  maximum  of  depression  below  the  level  of  the  sea.  Below  this 
limestone  band  and  upon  this  horizon  occur  massive  beds  of  sheared 
basic  rocks,  which  follow  the  limestone  in  a  remarkable  manner ; 
wherever  it  is  found,  in  fact,  they  may  be  said  to  be  coextensive 
with  the  limestone  from  the  east  to  the  west  coast  across  the  whole 
of  the  Southern  Highlands.  They  are  evidently  basic  igneous  rocks 
which  have  been  intruded  into  the  schists  and  limestones  at  a  period 
prior  to  their  metamorphism,  and  which  have  subsequently  under- 
gone the  same  shearing  process  as  the  clastic  rocks,  being  now 
Btnictarally  identical  with  the  schists. 

The  Loch  Tay  limestone  has  been  traced  by  the  officers  of  the 
Geological  Survey  from  shore  to  shore  across  the  Southern  High- 
lands,  through  the  shires  of  Banff,  Perth,  and  Argyll.  In  Perthshire, 
where  I  have  principally  been  enabled  to  trace  its  outcrop,  it  is  found 
to  extend  from  Crianlarich  in  the  east,  down  the  north  side  of  Glen 
Dochert  to  Killin,  and  thence  north-eastwards  by  Loch  Tay  to 
Feman,  where  it  is  abruptly  cut  off  by  a  fault  It  does  not  seem  to , 
appear  again  in  Strath  Tay,  but  after  passing  Strath  Ardle  it  appears 
again  at  Ashintully,  Eirkmichael,  and  Mount  Blair. 

VII.  The  Upper  Argillaceous  Zone. 

The  upper  argillaceous  zone,  which  I  have  given  as  succeeding 
the  higher  members  of  the  middle  arenaceous  group,  is  characterized 
hy  a  series    of   highly  altered  argillaceous  rocks,   the   principal 
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member  of  wbiob  is  a  fine  serioite  sobist,  oooasionallj  beooming 
calcareoas  witb  subordinate  beds  of  finely  banded  greywackes  and 
quartzites,  botb  of  wbiob  contain  traoes  of  annelid  barrows.  The 
other  member  of  this  zone  is  a  fine  black  graphitic  schist,  which 
occurs  upon  a  horizon  higher  than  the  sencite  schist,  and  marks  the 
top  of  this  group.  Like  the  other  calcareous  and  argillaceous  zones, 
it  seems  to  represent  a  maximum  of  depression  beneath  the  waters 
of  the  ocean. 

The  traces  of  annelid  tubes  which  have  been  found  in  this  zone 
were  discovered  by  the  Duke  of  ArgylP  and  myself,'  His  Grace 
finding  his  specimens  behind  the  castle  at  Inverary,  my  own  being 
found  on  Craig  Na  Challeich,  a  mountain  above  Eillin,  Perthshire. 
The  beds  in  which  the  Duke  found  his  specimens  are  described  by 
bim  thus :  ''  llie  oomparatively  thin  b^ds  in  which  the  annelid 
tubes  are  found  at  Inverary  are  by  no  means  the  lowest  in  our  series* 
They  are  underlain  and  overlain  by  a  great  number  of  beds,  both 
slaty  and  siliceous,  but  the  great  mass  is  slaty,  with  a  highly 
developed  micaceous  character."  The  annelid  tubes  were  thus  found 
in  a  thin  band  of  quartzite,  intercalated  in  a  series  of  highly 
micaceous  schists,  which  exactly  corresponds  to  the  character  of  the 
rocks  where  I  found  my  own  on  Craig  Na  Challeioh — that  is,  in  the 
upper  argillaceous  zone.  Further,  in  his  map  of  Scotland,  published 
in  1892,  Sir  A.  G^ikie'  colours  the  rocks  in  which  His  Grace  found 
his  specimens  as  the  same  as  those  occurring  on  Craig  Na  Challeioh, 
so  that  I  have  no  hesitation  in  believing  them  to  be  the  same  beds, 
and  that  these  annelid  tubes  mark  a  distinct  horizon  in  these 
Highland  rocks. 

This  zone,  like  the  others  just  described,  is  found  to  have  a  similar 
geographical  distribution  across  the  whole  of  the  Southern  Highlands. 
In  Perthshire  I  have  traced  it  at  Tyndrum,  where  it  is  faulted  against 
a  series  of  quartzites.  Further  east,  on  the  high  ridge  above  Loch 
Tay,  it  is  found  occupying  its  normal  position  above  the  middle 
arenaceous  group,  stretching  through  the  peaks  of  Craig  Na  Challeioh, 
Ben  Cruben,  Ben  Lawers,  and  thence  eastwards  by  Eilliecrankie  and 
the  Spittal  of  Glenshee. 

(To  be  continued.) 
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L— Mbmoibs  of  the  Geological  Survey  of  Scotland:  Ex- 
planation OF  Sheet  6.  By  John  Hobne,  F.R.S.E.  ;  with  the 
collaboration  of  B.  N.  Peach,  F.R.S.,  and  J.  J.  H.  Teall,  F.R.S. 
(Edinburgh :  printed  for  Her  Majesty's  Stationery  Office  by 
Neill  <feCo.,  1896.   8vo,  pp.  71,  with  5  illustrations.  Price  Is.  6<i.) 

SHEET  6  of  the  Geological  Survey  Map  of  Scotland  includes  a 
large  portion  of  Kirkcudbrightshire,  being  the  country  around 
Castle  Douglas,  Dalbeattie,  Kirkcudbright,  and  Gatehouse-of- Fleet. 

I  "Bodies  of  Or^nic  Origin"  :  Roy.  Soc.  of  Edinburgh,  1888-9,  p.  40. 
*  Trans.  Perthshire  Soc.  of  Nat.  Sci.,  toI.  i,  p.  116. 
'•   .  s  Map  of  Scotland,  1892. 
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Geologioally  the  area  is  of  oonmderable  interest:  it  embraces  a 
portion  of  the  Southern  Uplands,  with  rocks  ranging  in  age  from 
Arenig  to  Lndlow,  Old  Bed  Sandstone,  and  Carbon iferoas,  to  say 
nothing  of  Olaoial  Drifts  and  more  recent  deposits.  It  includes, 
moreover,  various  interbedded  and  intrusive  igneous  rocks,  notably 
the  great  granite  area  of  Griffel,  with  its  fringe  of  metamorphic 
strata.  The  map  has  long  been  published,  for  the  area  was 
surveyed  geologically  nearly  twenty  years  ago  by  Messrs.  John 
Home,  D.  K.  Irvine,  and  G.  R.  Campbell,  and  of  these  Home  alone 
remains  to  tell  the  story  of  the  work. 

The  delay  in  the  issue  of  the  descriptive  memoir  was  caused,  as 
we  are  told  by  the  Director-Oeneral,  by  the  publication  in  1878  of 
Prof.  Lapworth'a  classic  memoir  on  *'The  Moffat  Series,"  a  work 
which  rendered  it  desirable  to  again  examine  the  area  by  "  the  light 
of  his  researches,  which  had  at  last  supplied,  in  the  zonal  distribu- 
tion of  the  Oraptolites,  a  clue  to  the  unravelling  of  the  complicated 
structure  of  the  Southern  Uplands."  This  revision  has  now  been 
accomplished,  partly  by  Mr.  Home,  partly  by  Mr.  Peach,  Mr. 
Maeoonochie,  and  Mr.  Teall,  with  the  personal  aid  of  the  Director- 
General. 

The  explanation  is  of  far  more  than  local  interest,  although  it  is 
Btrictly  confined  to  a  consideration  of  the  phenomena  observed  in  the 
district.  The  subject  of  con  tact- metamorphism  does  not  appear  to 
be  dealt  with  at  all  fully,  the  matter  being  reserved  for  a  promised 
general  Memoir. 

While  the  elaborate  work  of  Professor  Lap  worth  furnished  the 
key  for  the  interpretation  of  the  complicated  stratigraphy-  of  this 
PalsBozoic  region,  some  considerable  additions  to  our  knowledge 
have  been  made  during  the  course  of  the  re-examination  of  the 
district  by  the  Geological  Survey.  The  existence  has  been  ascertained 
of  lavas,  tufifs,  and  agglomerates  in  the  Arenig  group,  and  also  of  a 
well-marked  and  persistent  horizon  of  Radiolarian  cherts  and  mud- 
Btanes  in  the  upper  portion  of  this  volcanic  series.  Although  only 
about  60  or  70  feet  thick,  these  cherts  appear  to  represent  the  whole 
^accession  of  deposits  which  elsewhere  in  Britain  intervene  between 
the  Middle  Arenig  and  uppermost  Llandeilo  strata. 

Interesting  nodules  composed  of  oxides  of  iron  and  manganese 
have  been  found  in  the  Arenig  mudstones,  and  Mr.  Teall  infers  that 
"the  rock  was  originally  a  limestone,  that  it  was  subsequently 
changed  to  a  carbonate  of  manganese  and  iron,  and,  finally,  that  the 
carbonate  was  decomposed  under  oxidizing  conditions  so  as  to  give 
rise  to  the  nodular  masses  of  the  oxides  of  manganese  and  iron." 

The  various  strata  and  their  fossils,  up  to  the  top  of  the  Silurian, 
Me  duly  noticed,  and  the  igneous  rocks  are  then  described. 

The  Upper  Old  Red  Sandstone,  poorly  developed,  consists  of  red 
sandstone,  red  clays,  and  cornstones,  which  underlie  the  vol<;ufiic 
group  that  forms  the  commencement  of  the  Calciferous  Httudfet^yoe 
Beries.  This  Carboniferous  group  comprises  sandstones  and  tLM^vt 
^ith  marine  bands  surmounted  by  coralline  limestone. 

The  Glacial  Drifts  are  well  represented,  and  pro<^f  is  ^^iveti  UuC 
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the  ice  which  drained  from  the  inland  country  was  in  mass  sufficient 
to  override  Criffel,  and  must  therefore  have  had  there  a  minimum 
thickness  of  2000  feet — a  fact  of  considerable  interest  in  connection 
with  the  wide  dispersal  of  boulders  of  Criffel  granite. 

Raised  Beaches,  Caves  and  Oavem  Deposits,  Peat  and  Alluvium, 
and  Economic  Products  are  duly  mentioned. 

Considerable  interest  naturally  attaches  to  the  large  granite  mass 
which  covers  upwards  of  seventy-five  square  miles  of  ground.  The 
granite  and  its  apophyses  traverse  strata  of  Llandovery,  Wenlock, 
and  Ludlow  age ;  but  the  intrusion  of  the  igneous  complex  must  be 
older  than  the  Upper  Old  Red  Sandstone.  Though  mainly  massive 
in  character,  yet  in  certain  limited  tracts  along  its  margin  the  granite 
has  a  marked  foliated  character,  and  evidence  is  given  to  show  that 
this  foliated  structure  has  been  produced  by  mechanical  deformation 
which  has  simultaneously  affected,  not  only  the  main  body  of  the 
granite,  but  also  the  basic  inclusions  which  this  rock  contains,  as  well 
as  the  acid  and  even  the  quartz  veins  that  traverse  it.  It  is  pointed 
out  that  the  quartz  and  alkali -felspar,  which  were  the  last  con- 
stituents of  the  granite  to  solidity,  are  those  which  have  yielded 
most  in  the  deforming  stresses ;  while  the  fact  that  the  foliation  in 
the  acid  veins  has  no  reference  whatever  to  the  direction  which  they 
take,  is  stated  by  Mr.  Teall  to  be  a  striking  proof  that  it  cannot  be 
due  to  fluxional  movement  during  intrusion. 

Dykes  of  porphyrite  occur  not  only  in  the  sedimentary  rocks  but 
also  in  the  granitic  masses.  It  is  pointed  out  that  the  term 
"porphyrite"  has  hitherto  been  employed  in  a  different  sense  by 
the  Geological  Survey,  for  certain  lavas  which  occur  in  association 
with  Palaeozoic  sediments,  and  which  in  reality  are  merely  altered 
andesites.  The  present  usage  of  the  term  is  that  adopted  by  Prof. 
J.  P.  Iddings  for  rocks  of  the  type  under  consideration,  which  occur 
as  sills  and  laccolites  as  well  as  dykes. 

A  detailed  list  is  given  of  the  rocks  examined  under  the  micro- 
scope, with  their  localities,  and  with  remarks  on  their  mineral 
structure. 

We  may  add  that  the  printing  by  Messrs.  Neill  and  Co.  oompai-es 
BO  favourably  with  that  noticed  in  a  recent  Survey  Memoir  printed 
in  England,  that  we  wonder  H.M.  Stationery  Office  does  not  have 
all  its  printing  done  in  Edinburgh. 


II. — Petroleum.  By  Bovbbton  Redwood,  F.R.S.E,,  assisted  by 
Geo.  T.  Holloway  and  other  contributors.  Two  Vols.  8vo. 
pp.  900.     (London  :  Charles  Griffin  and  Company,  1896.) 

THIS  comprehensive  treatise  is  in  every  way  creditable  to  both 
author  and  publisher:  it  has  been  prepared  with  care  and 
skill,  printed  in  clear  and  varied  type,  and  provided  with  numerous 
illustrations.  Its  two  volumes  together  comprise  no  fewer  than 
900  pages;  there  are  327  figures  in  the  text;  two  frontispieces 
show  respectively  the  distribution  of  petroleum  throughout  the  world, 
and  the  appearance  of  the  flame-caps  corresponding  to  six  different 
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proportions  of  admixed  pentane  and  air;  fifteen  large  plates  illnstrate 
the  distribation  in  various  oil-fields,  sections  of  typical  wells,  .and 
apparatus  used  in  the  industry.  Reference  to  the  detailed  work  is 
greatly  faotlitated  by  a  table  of  contents  extending  over  eleven  pages, 
and  by  a  copious  index  of  twenty-six. 

No  one  oould  be  better  qualified  than  Mr.  Bed  wood  for  the 
preparation  of  such  a  treatise:  for  a  quarter  of  a  century  he  has 
had  a  consulting  practice  in  connection  with  the  petroleum  industry ; 
he  is  consulting  adviser  to  the  Corporation  of  London  under  the 
Petroleum  Acts,  and  chemical  adviser  to  the  Oil  Trade  Section  of 
the  London  Chamber  of  Commerce;  he  has  visited  the  principal 
oil-fields  and  refineries  of  the  world ;  and  has  made  a  special  study 
of  the  numerous  methods  which  have  been  devised  for  testing  the 
various  commercial  products.  But,  as  Mr.  Bed  wood  points  out,  the 
task  of  preparing  a  work  satisfactory  to  himself  would  have  been 
insuperable  bnt  for  the  practical  help  given  to  him  by  many  friends, 
more  especially  by  Mr.  George  T.  Holloway,  to  whom  he  expresses 
bis  great  indebtedness  for  assistance  in  the  preparation  of  the  matter 
for  the  Press,  and  in  the  toilsome  revision  of  the  proofs. 

In  the  short  space  to  which  this  notice  is  necessarily  limited,  it 
is  impossible  to  do  sufficient  justice  to  the  labour  devoted  to  the 
preparation  of  the  treatise,  or  to  the  skill  with  which  the  vast 
amount  of  information  has  been  classified  and  made  readily  accessible. 
A  brief  statement  of  the  contents,  however,  will  give  a  good  idea 
of  the  scope  of  the  book.  The  first  section  (31  pages)  deals  witli 
the  history  of  the  petroleum  industry,  l)eginning  with  acQOunts  of 
occurrence  and  modes  of  collection  placed  on  record  by  Herodotus, 
the  Father  of  History,  2300  years  ago  ;  the  history  of  the  develop- 
ment of  the  industry  in  each  of  the  countries  of  the  world  is  then 
briefly  sketched.  Here  are  mentioned  facts,  the  records  of  which 
are  as  impressive  as  fairy  tales — fountains  which  have  yielded 
£11,000  worth  of  oil  daily,  or  which  have  shot  up  hundreds  of  feet 
high,  carrying  away  the  machinery  used  in  the  drilling  of  the  well. 
The  second  section  is  the  most  extensive  in  the  book  (144  pages), 
and  treats  of  the  geological  distribution  of  petroleum  :  the  three 
theories  of  the  cause  of  the  pressure — overlying  strata,  water, 
accumulated  gas — are  first  discussed  ;  then  follow  descriptions  of  the 
geological  peculiarities  of  the  various  oil-fields  of  the  world.  The 
manuscript  of  this  section  was  revised  by  the  late  Mr.  William 
Topley,  F.R  S.,  who  had  given  much  attention  to  the  subject,  and 
whose  early  death  all  geologists  deplore.  The  third  section  (63 
pages)  gives  an  account  of  the  chemical  and  physical  characters  of 
petroleum,  and  contains  many  valuable  tables.  The  fourth  section 
is  very  brief  (13  pages),  and  deals  with  the  origin  of  this  natural 
product :  the  author  points  out  that  the  theories  which  regard 
petroleum  as  resulting  from  the  decomposition  or  distillation  of 
animal  remains  are  now  largely  accepted  by  chemists.  The  fifth 
section  (70  pages)  relates  to  the  winning  of  petroleum,  and  gives 
a  detailed  description  of  the  apparatus  used  for  the  purpose  in 
different  countries.     Section  VI  is  a  very  important  one,  extending 
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to  nearly  100  pages,  and  gives  an  aeoount  of  the  different  methods 
which  have  heen  devised  for  the  refining  of  the  crude  natural 
products.  Section  YII  (63  pages)  treats  of  the  Shale-oil  and  allied 
industries.  Section  VIII  (also  63  pages)  describes  the  methods  of 
transport,  storage,  and  distribution:  it  is  interesting  to  read,  for 
example,  that  one  line  of  pipes — the  Emery  (United  States)  Line — 
is  4:88  miles  long.  Section  IX  is  another  most  important  chapter, 
and  one  in  which  the  experience  and  special  knowledge  of  Mr. 
Bedwood  is  manifest :  it  treats  of  the  testing  of  the  raw  material 
and  manufactured  products.  The  next  section  (73  pages)  gives  an 
account  of  the  uses  of  petroleum  and  its  products ;  and  the  last  one 
(86  pages)  collects  together  the  statutory,  municipal,  and  other 
regulations  adopted  by  various  countries  relative  to  the  testing, 
storage,  transport,  and  uses  of  petroleum.  The  work  is  then 
rounded  off  with  50  pages  of  statistics. 

It  is  evident  that  Mr.  Redwood's  treatise  will  long  be  the  standard 
work  on  this  important  subject 
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L — Annual   Obnbbal  Mvktino. — February  21st,  1896. 

Dr.  Henry  Woodward,  F.B.S.,  President,  in  the  Chair. 

The  Secretaries  read  the  Reports  of  the  Council  and  of  the  Library 
Committee  for  the  year  1895.  In  the  former  the  Council  again  con- 
gratulated the  Fellows  on  the  satisfactory  condition  of  the  Society's 
finances,  and  announced  that  the  decrease  in  the  number  of  Fellows, 
to  which  attention  had  been  drawn  in  the  three  previous  annual 
reports,  had  now  been  all  but  arrested. 

During  1895  the  number  of  Fellows  elected  was  43 ;  of  these  32 
qualified  before  the  end  of  the  year,  making,  with  12  previously 
elected  Fellows,  a  total  accession  of  44  during  the  twelvemonth.  In 
the  same  period  the  losses  by  death,  resignation,  and  removal 
amounted  to  45,  the  decrease  in  the  number  of  Fellows  being  1. 
The  total  number  of  Fellows,  Foreign  Members,  and  Foreign  Cor- 
respondents was  1318  at  the  end  of  1895,  as  compared  with  1321  at 
the  end  of  1894. 

The  balance-sheet  for  the  year  1895  showed  receipts  to  the 
amount  of  £3249  138.  4d.,  and  an  expenditure  of  £2398  58.  lid., 
the  excess  of  actual  income  over  expenditure  being  £492  ISs.  4d. 
Certain  of  the  stocks  belonging  to  the  Society  and  to  the  Wollaston, 
Barlow-Jameson,  and  Bigsby  Trusts  were  sold  out,  and  re-invested 
in  equally  sound  securities  bearing  a  higher  rate  of  intei-est. 

The  completion  of  vol.  li  of  the  Quarterly  Journal  was  announced, 
as  also  the  publication  of  No.  2  of  the  Record  of  Geological 
Literature  added  to  the  Society's  Library.  The  Index  to  the  first 
fifty  volumes  of  the  Quarterly  Journal  will,  it  is  hoped,  be  issued  to 
the  Fellows  in  the  course  of  the  present  year. 
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The  qnestion  as  to  the  desirability  of  retaining  the  Society's 
Masenm  had  formed  the  subject  of  long  and  earnest  deliberations  by 
the  Coancil,  and,  in  accordance  with  the  report  of  a  Special  Com- 
mittee, the  Trustees  of  the  British  Museum  had  been  asked  whether 
they  woald  andertake  to  house  and  care  for  the  collections,  keeping 
type-specimens  and  specimens  illustrative  of  papers  read  before  the 
Society  distinct,  defraying  also  the  expenses  of  transference.  To 
these  conditions  the  Trustees  had  assented,  and  the  matter  will  no 
doubt  before  long  be  submitted  to  the  Fellows  for  their  decision 
at  a  special  general  meeting. 

The  proposed  introduction  of  the  electric  light  and  redecoration 
of  the  Society's  apartments  was  briefly  referred  to;  and,  in  con- 
clusion, the  awards  of  the  various  medals  and  proceeds  of  donation 
funds  in  the  gift  of  the  Society  were  announced. 

The  report  of  the  Library  Committee  enumerated  the  large 
additions  made  during  the  past  year  to  the  Society's  library,  and 
Rtated  that  the  manuscript  card  catalogue  of  the  geological  maps 
and  sections  was  now  practically  completed. 

In  handing  the  Wollaston  Medal  to  Sir  John  Evans,  K.C.B., 
D.C.Ii.,  F.RS.,  F.L.S.,  Foreign  Secretary  (for  transmission  to 
Eduard  Suess,  Ph.D.,  For.Memb.R.S.,  For.Memb.Q.S.,  Professor  of 
Greology  in  the  University  of  Vienna),  the  President  addressed  him 
as  follows : — Sir  John  Evans, — 

May  I  request  yon,  in  your  official  capacity  as  Foreign  Secretary,  to  receive  and 
tnnsmit  to  oar  esteemed  Foreign  Member,  Prof.  Eduard  Suess,  of  the  Uniyersity 
of  Vienna,  tliis  Medal,  founded  by  that  eminent  man,  Dr.  Wollaston,  in  1828,  "to 
promote  researches  concerning  the  mineral  structure  of  the  earth,  and  to  enable  the 
Council  of  the  Geological  Society  to  reward  those  individuals  of  any  country,  by 
whom  such  researches  may  hereafter  be  made."  Of  the  27  occasions  on  which  this 
Hedal  has  been  transmitted  to  foreigners,  it  has  twice  before  been  awarded  to  Austrian 
geologists,  namely,  in  1857,  to  the  illustrious  Barrande,  and  in  1882,  to  Franz 
Kitter  von  Hauer,  Intendant  of  the  Imperial  Museum  of  Natural  History  in  Vienna 
tnd  Director  of  the  Geological  Survey  of  Austria. 

In  speaking  of  a  man  so  well  known  as  Prof.  Suess,  words  of  commendation  on 
mj  part  are  hardly  needful.  For  39  years  he  has  occupied  the  Chair  of  Geology 
in  ue  University  of  Vienna,  and  has  exercised  an  influence  on  the  work  of  the 
distingnished  school  of  geologists  in  that  city— including  such  men  as  Neumayr, 
Hojsisovics,  Fuchs,  Waagen,  Penck,  and  many  others— which  proves  him  to  be 
a  great  master  of  our  science.  Since  1851  a  steady  stream  of  memoirs,  issued  by 
him,  has  proved  him  to  be  a  great  worker  in  geology ;  while  the  intellectual  stimulus 
of  his  writings  on  foreign  geologists  shows  him  to  be  a  great  thinker.  He  is  worthy 
of  this  award,  therefore,  not  omy  for  the  work  which  he  has  accomplished  himself, 
hot  bv  what  he  has  roused  others  to  do,  not  only  by  the  originality  of  his  own 
tbooght,  but  by  the  extent  which  he  has  influenced  the  mind  of  others. 

Soess  is  not  a  specialist.  He  began  work  on  Graptolites ;  he  next  laid  the 
foandations  of  the  modem  classification  of  the  Brachiopooa  and  Ammonites.  Alpine 
problems  roused  his  interest  in  dynamical  and  structural  geology,  and  led  to  studies 
of  the  Austrian  and  Italian  earthquakes,  and  to  his  suggestion  of  the  connection 
between  these  and  the  great  circle  of  European  Tertiary  volcanoes  and  the  elevation 
of  the  Alps.  Work  on  the  complex  Tertiaries  of  the  Vienna  Basin  and  a  study  of 
the  Mediterranean  littoral  geology  led  to  his  researches  in  Faunistic  Palaeontology, 
»nd  80  prepared  the  way  for  his  pupil  Neumayr. 

8aes8*s  varied  knowledge,  penetrative  insight,  and  suggestive  originality  are 
perhaps  best  exhibited  in  his  '*Antlitz  der  Erde,'*  wherein  he  tried  to  show  the 
04in  factors  and  methods  that  have  ruled  in  geographical  evohitiim. 

The  intimate  union  thus  established  between  the    problems  of   geology    nnd 
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geography  oaiiiiot  bat  be  regarded  as  of  the  highest  importance  to  the  adTaaoemeiit 
of  Doth  scienoee,  and  the  world  has  been  made  wiaer  by  the  rich  stores  of  knowledge 
which  Prof.  Suess  has  garnered  for  ^eolog^ists  and  geographers  in  all  countries. 

Prof.  Suess  has  been  connected  with  tlus  Society  since  1863,  in  which  year  I  made 
his  personal  acquaintance  when  he  visited  T<ondon  He  has  now  been  a  Foreign 
Member  since  1876,  and  is  one  of  the  three  oldest  foreign  geologists  on  the  Sodetys 
list.  His  attachment  to  this  country  will  be  better  understoM  when  it  is  known 
that  Prof.  Suess  was  bom  in  London  on  the  20th  of  August,  1831,  his  father  being 
at  that  time  a  merchant  in  the  City. 

I  am  sure  it  will  add  to  Prof.  Suess*s  pleasure  to  be  told  that  this  Medal  was 
awarded  him  by  the  unanimous  vote  of  the  Council,  and  that  we  send  with  it  our 
warmest  rememorances  and  good  wishes  for  his  continued  health  and  prosperity. 

Sir  John  Evans,  in  reply,  said  : — Mr.  President, — 

The  recipient  of  this  award,  whose  professorial  duties  as  well  as  his  advancing 
age  prevent  him  from  attending  this  meeting,  has  requested  me  to  read  the  following 
communication  from  him: — '*  By  adding  my  name  to  the  Ust  of  those  masters  ol 
geoloncal  science  who  have  been  honour^  liefore  me  by  the  award  of  the  WoUaston 
Medal,  your  illustrious  Society  renders  me  truly  proud,  and  I  can  hardly  find  words 
adequate  to  express  my  feelings  of  gratitude. 

'*  In  addition  to  field-work,  I  have  for  many  years  laboured  to  obtain  some 
approximately  comprehensive  view  of  the  surface-structure  of  the  whole  of  our 
planet,  and  during  this  endeavour  not  a  day  has  passed  without  brinmg  again  and 
again  before  my  eyes  the  vastness  of  the  British  Empire,  the  worldwide  activity 
•f  British  geologists  and  travellers,  and  the  enormous  amount  of  geological  work  and 
learning  record^  in  the  English  language. 

**  I  often  and  gladly  remember  the  kindness  and  the  instruction  which  during  the 
course  of  my  life  I  have  received  from  my  English  masters,  and  above  all  from  my 
repeated  intercourse  with  Sir  Charles  Lyell,  but  I  dared  not  think  that  my  own 
modest  essays  wuuld  ever  be  deemed  worthy  of  this  distinction — ^the  highest  that 
EngHsh  geologists  can  bestow. 

*t  This,  however,  now  comes  to  me  at  an  age  when  the  natural  diminution  of 
physical  strength  confines  me  to  valley  and  home ;  hammer  and  belt  rest  on  their 
peg,  and  dreams  and  remembrances  alone  still  carry  me  along  those  Alpine  wanderines 
which  form  the  highest  charms  of  our  incomparable  science,  ana  in  the  lonely 
grandeur  of  which  Man  feels  himself  more  than  ever  a  child  of  surrounding  Nature. 

'*  In  these  hours  of  enforced  inactivity,  the  award  of  your  Society  leads  me  to 
hope  that  my  past  exertions  have  not  been  quite  in  vain ;  and  with  deepest  thanks 
I  receive  this  Medal  as  a  token  of  indulgence,  of  encouragement,  and  also  of 
consolation.'! 

The  President  then  presented  to  Alfred  Harker,  Esq.,  M.A., 
F.G.S.,  of  the  Geological  Survey  of  Scotland,  and  of  St.  John's 
College,  Cambridge,  the  balance  of  the  proceeds  of  the  Wollaston 
Donation  Fund,  addressing  him  as  follows : — Mr.  Harker, — 

The  Council  request  your  acceptance  of  the  Wollaston  Fund  in  recognition  of 
the  admirable  work  in  Petrology  and  your  studies  in  the  Metamorphic  and  Igneous 
Hocks  and  in  Dynamometamorphism,  to  which  you  have  given  such  careful  attention 
since  you  joined  our  ranks  as  a  Fellow  in  1884. 

I  have  only  to  allude  to  your  papers  before  this  Society  on  the  Gabbro  of  Carrock 
Fell  and  its  Granophyres ;  your  petrological  notes  on  rocks  from  the  Cross- Fell 
Inlier  ;  your  paper  on  the  eruptive  rocks  of  Sam,  Caernarvonshire ;  your  joint  papers 
with  Mr.  Marr  on  the  Shap  Granite  and  the  associated  Metamorphic  Bocks, — to 
show  the  nature  of  the  work  in  which  you  have  been  engaged. 

Your  Sedgwick  Essay,  on  the  Volcanic  Rocks  of  Caernarvonshire,  is  a  model  of 
what  such  work  should  be.  It  has  already  received  a  well -merited  encomium  from 
your  present  chief,  the  Director-General  of  the  Geological  Survey. 

In  the  past  twelve  years  you  have  also  been  a  frequent  contnbntor  to  the  pages 
of  the  Gbolooical  Magazine,  in  which  some  twenty  articles  of  yours  are  to 
be  found. 

Lantly,  your  excellent  *■*■  Petrolo^  for  Students,"  issued  from  the  Cambridge 
•  University  Press  last  year,  greatly  adcU  to  your  credit  in  this  field  of  research. 
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This  aliglit  neogiiiiion  from  the  Council  may  Mxre  to  assure  you  how  highly  yoor 
past  work  has  been  appreciated,  and  how  much  more  good  work  we  trust  that  yos 
will  Irre  to  aehiere. 

Mr.  Harker,  in  reply,  said : — Mr.  President,— 

I  heartily  thank  the  Council  for  the  honour  which  they  haye  conferred  upon  me, 
tad  yomraeli  for  the  graceful  words  with  which  you  have  accompanied  this  award. 

In  the  work  to  which  you  haye  made  kind  reference,  I  have  confined  myself  to 
coly  one  among  the  several  lines  of  research  recognized  by  this  Society.  I  have, 
boweyer,  always  regarded  Petrology,  not  as  a  study  apart,  but  as  a  branch  of 
geological  science ;  and  whatever  value  may  belong  to  my  results,  I  owe  in  large 
measure  to  the  fortunate  circumstances  which  have  enabled  me  constantly  to  combine 
work  in  the  field  with  work  in  the  laboratory. 

G-eneroos  appreciation  at  the  hands  of  those  best  Qualified  to  judge  is  an  incentive 
leeond  only  to  tiie  pleasure  of  the  work  itself.  To  tne  encouragement  which  I  have 
tt  all  times  derived  from  the  comradeship  of  fellow- workers,  both  at  Cambridge  and 
dsewhere,  is  now  added  that  which  must  always  attach  to  such  an  honour  as  the 
present  one ;  and  for  the  encouragement,  no  less  than  for  the  recognition,  I  tender 
my  best  thanks. 

In  presenting  the  Murohison  Medal  to  T.  Mallard  Beade,  Esq., 
CE.,  F.G.S.,  the  President  said  :— Mr.  Mellard  Reade,— 

The  Council  of  the  Geological  Society  have  awarded  to  you  the  Murchison  Medal, 
is  recognition  of  your  work  on  ''The  Origin  of  Mountain  Ranges,'*  containing  the 
records  of  much  original  and  experimental  research.  Since  you  joined  tbis  Society 
is  1872  you  have  contributed  to  tne  various  scieatific  journals,  and  to  this  and  other 
kindred  institutions,  more  than  a  hundred  papers  on  feologickl  subjects,  treating  of 
**the  Geology  and  Physics  of  the  post-Glacial  Period  in  Lancashire  and  Cheshire," 
"the  Burial  Valley  of  the  Mersey,"  "the  Drift-beds  of  the  North-west  of 
England,"  **the  Chalk-masses  in  the  Contorted  Drift  of  Cromer,"  *»  Tidal  Action 
as  a  Geological  Cause,"  **  the  Moon  and  the  Earth,"  and  many  other  kindred 
sabjects  bearing  upon  Dynamical  Geology,  to  which  you  have  devoted  much  careful 
tiiooght  and  originality  of  o^rvation  extending  over  more  than  a  quarter  of  a 
ceotory,  and  have  never  permitted  an  opportunity  to  slip  of  adding  to  our  store  of 
geological  knowledge. 

This  medal  will  serve  to  assure  you  that,  although  not  often  present  at  our 
meetings,  and  livin£^  at  a  distance  from  town,  you  are  neither  overlooked  nor 
forgotten  by  your  fellow-geolog^ts  here,  nor  have  your  labours  been  unappreciated. 

Mr.  Mellard  Reade  replied  as  follows: — Mr.  President,— 

It  is  with  mingled  feelings,  difficult,  nay  impossible,  to  express  here,  that  I  receive 
tiie  medal  found^  by  the  illustrious  author  ot  "  Siluria,"  which  the  Council  of  this 
Society,  in  the  exercise  of  their  functions,  have  thought  fit  to  award  to  me.  If  one 
circomstance  more  than  another  could  add  to  the  pleasure  which  the  award  affords 
me,  it  is.  Dr.  Woodward,  that  I  receive  it  through  you  as  President  of  this  Society. 
1  cannot  forget  that  my  first  little  geological  venture  was  launched  in  the  columns 
of  the  Gbolooical  Magazine,  and  that  ever  since  you  have  proved  to  be  a  true 
and  consistent  friend. 

As  regards  the  work  and  researches  of  which  you  have  so  favourably  spoken,  it  is 
for  others  to  assess  their  value,  and  for  me  to  rejoice  that  they  have  been  considered 
worthy  of  so  handsome  a  recognition.  Like  the  founder  of  this  medal ^  I  began  the 
tody  of  geology  in  middle  life,  and  doubtless  the  direction  and  the  character  of  my 
nAearches  have  been  profoundly  infiuenced  by  previous  professional  training  as  well 
u  bv  natural  bias.  The  study  of  geology  has  been  to  me  a  labour  of  love  as  well  ais 
tt  mteresting  and  healthful  recreation.  Tt  has  also  been  an  education.  Doubtless 
•ome  of  the  work  to  which  I  have  directed  my  attention  has  bet^n  of  an  arduous 
^'ature,  but,  as  Shakespeare  says,  "  The  labour  we  delight  in  physics  pain." 

It  now  only  remains  for  me  to  thank  the  Couucil  and  yourself  for  this  much 
appreciated  recognition  of  my  small  services  to  geological  science,  and  to  assure  you 
™*t  the  addition  of  my  name  to  the  distinguislied  list  of  Murchison  medallistw  is 
**J«aIated  to  inspire  ana  support  me  in  any  further  work  which  in  God's  providence 
1  may  be  permitted  to  carry  out. 
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The  t^resident  then  presented  the  balance  of  the  prooeeds  of  the 
Idiirohison  Geological  Fund  to  Philip  Lake,  E^q.,  M.A.,  F.G.S., 
addressing  him  in  the  following  words : — Mr.  Lake, — 

The  Council  of  the  Oeological  Society  have  awarded  to  yoa  the  balance  of  the 
proceeds  of  the  Murchison  Geological  Fund,  in  recognition  of  your  work  in  India, 
too  soon  interrupted  by  ill-health.  Before  you  left,  however,  you  had  made  a  solid 
contribution  to  the  history  of  the  origin  of  the  remarkable  Laterites  of  that  region 
(Me^.  Greol.  Surv.  India,  vol.  xxiv,  art.  3,  1890),  as  well  as  to  some  other  Indian 
geoloncal  problems.  You  have  now  commenced  in  Wales :  first,  in  conjunction 
with  Mr.  T.  T.  Groom,  at  Corwen  (Quart.  Journ.  Geol.  Soc.  1893,  vol.  xliz,  p.  426) ; 
and  at  a  later  date  alone,  near  Llangollen  (ibid,  1895,  vol.  li,  p.  9),  you  have  given 
the  Society  careful  and  accurate  contributions  on  the  geology  of  these  oifficult  regions. 

Nor  have  you  neglected  palseontological  studies,  as  your  recent  paper  on  AeidatpiM 
hears  testimony.  It  is  hoped  that  this  award  may  prove  not  only  useful,  but  that 
it  may  serve  as  an  incentive  to  continued  and  important  geological  work  in  the  near 
future. 

Mr.  Lake,  in  reply,  said  : — Mr.  President, — 

I  am  deeply  sensible  of  the  honour  which  the  Council  have  done  me  in  making 
this  award ;  for,  to  a  labourer  in  the  cause  of  science,  there  is  no  truer  pleasure 
than  the  appreciation  of  his  labours  by  his  fellow -workers.  It  is  an  a(Ulitioual 
gratification  that  it  should  fall  to  my  lot  to  receive  the  award  at  your  hands,  since  of 
late  I  have  attempted  to  follow  in  your  footsteps  in  the  field  which  you  have  made 
so  peculiarly  your  own. 

1  feel,  however,  that  the  award  is  a  recognition  far  beyond  what  my  work  has 
hitherto  deserved ;  and  I  look  upon  it  rather  as  an  encouragement  to  persevere  in 
the  researches  which  I  have  begun. 

In  presenting  the  Lyell  Medal  to  Arthur  Smith  Woodward,  Esq^ 
F.L.S.,  F.G.S.,  the  President  said  :—Mr.  Arthur  Smith  Woodward,^ 

The  Council  of  the  Greoloeical  Society  have  awarded  you  the  Lyell  Medal,  because 
it  appeared  to  them  that  the  palteontological  work  to  which  you  have  so  earnestly 
devoted  your  life  since  you  commenced  your  career  in  the  British  Museum  in  1882 
would  have  met  with  the  cordial  approval  of  the  distinguished  geologist  and  writer 
who  founded  this  medal. 

Trained  at  the  Owens  College,  Manchester,  you  had,  besides  this,  an  innate  love 
of  scientific  work,  and  only  needed  the  opportunity  to  develop  into  an  accomplished 
palaeontologist  of  the  Vertebrata. 

In  dealing  with  the  whole  field  of  Fossil  Vertebrata,  you  wavered  at  first  between 
the  varied  groups  to  which  your  studies  invited  you ;  but,  after  a  few  papers  on 
Mammalia  and  Keptilia,  you  turned  with  a  steaay  resolve  to  the  study  of  Fossil 
Fishes,  from  which  you  have  scarcely  ever  departed.  More  than  one  hundred  papers 
on  Fossil  Fishes,  besides  a  descriptive  and  illustrated  Catalogue  of  Fossil  Fishes  in 
the  British  Museum,  of  which  three  volumes  have  already  appeared  (18H9-95),  and 
two  Memoirs  on  the  Fossil  Fishes  of  New  South  Wales,  attest  the  settled  life-line  of 
research  to  which  you  now  stand  committed. 

But  we  have  to  thank  you  also  for  a  joint  work  with  Mr.  C.  Davies  Sherbom, 
F.G.S.,  of  the  very  great^t  usefulness  to  paleontologists,  **  A  Catalogue  of  British 
Fossil  Vertebrata,*'  1890 — a  most  trustworthy  and  excellent  compihition,  critically 
and  carefully  prepared. 

That  in  the  space  of  fourteen  years  you  should  have  accomplished  so  much  good 
work,  is  due  to  the  fact  that  you  have  never  wavered  from  the  object  which  you  had 
set  before  your  mind  to  accoraplish,  and  even  in  your  numerous  journeys  in  Europe 
and  to  North  America  you  have  ever  kept  your  ichthyological  researches  steadily 
in  view. 

I  trust  that  this  medal,  and  the  good  wishes  which  accompany  it  from  your  friends 
here,  will  encourage  you  to  the  completion  of  your  labours  on  the  Fossil  Fishes,  and 
that  the  remaining  group  of  the  Teleosteans  rany  enjoy  the  same  careful  and 
critical  attention  and  study  at  your  hands  as  you  huve  bestowed  upon  the  other  and 
earUer  groups. 
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Hr.  Smith  Woodward,  in  reply,  said : — Mr.  President, — 

I  desire  to  expreas  my  -thanks  to  the  Council  of  the  Oeological  Society  for  the 
^reat  honour  that  they  have  done  me  in  making  this  award,  and  to  yourself,  sir,  for 
the  Terj  kind  and  complimentary  terms  in  which  you  have  presented  the  medal. 
I^oiing  the  last  thirteen  years  I  have  merely  tried  to  make  the  best  use  of  the 
opportimitiee  for  research  afforded  by  my  official  connection  with  the  British  Museum ; 
aaa  the  great  gratification  experienced  in  the  pursuit  of  duty  of  this  kind  is  in  itself 
•0  tmple  a  reward  for  the  labour  involved,  that  a  naturalist  thus  circumstanced 
scaroeiy  looks  for  anything  beyond  it.  When,  however,  the  honourable  marks  of 
approMtion  officially  bestowed  are  unexpectedly  coupled  with  so  highly  esteemed 
t  distinction  as  the  award  of  the  Lyell  Medal  by  the  Oeological  Society  of  London, 
I  feel  doubly  eneonraged  to  persevere  and  endeavour  to  merit  the  compliments  that 
have  been  expressed. 

I  was  first  led  to  take  a  special  interest  in  extinct  Fishes  by  attending  Dr. 
Traqnair's  coarse  of  Swiney  Lectures  on  the  subject  in  1883.  I  was  thus  enabled 
to  apply  to  this  field  of  research  the  methods  tliat  I  bad  previously  learned  from 
Prof.  Boyd  Dawkins  when  a  student  in  the  Owens  College.  Since  that  time  the 
kindly  encouragement  of  so  many  friends — yourself  and  the  late  Mr.  William  Davies 
among  the  foremost — has  made  progress  easy ;  and  the  very  fortunate  circumstance 
that  most  of  the  larser  private  collections  of  Fossil  Fishes  in  this  country  have  now 
been  acquired  by  tne  6ritish  Museum,  has  afforded  me  favourable  opportunitiec 
for  study  such  as  never  have  been  enjoyed  by  anyone  previously.  The  biological 
problems  suggested  by  these  fossils  seem  to  me  to  outweigh  in  interest  the  geological 
qwitions  connected  with  them  to  so  great  a  degree,  that  1  have  rarely  been  able  to 
look  upon  them  from  any  but  a  morphologist^s  point  of  view;  ana  all  the  more 
on  this  account  do  I  appreciate  the  high  honour  that  is  conferred  upon  me  by  the 
Geological  Society  to-day. 

The  President  then  presented  one-balf  of  the  balance  of  the 
proceeds  of  the  Lyell  Geological  Fund  to  Dr.  William  Eraser 
Hume,  AB800.R.S.M.  and  RColLSoi.,  F.G.S.,  and  addressed  him  as 
follows : — Dr.  Hume, — 

Although  for  seyeral  years  you  have  been  actively  engaged  as  a  Demonstrator  in 
Geolo^  in  the  Royal  College  of  Science,  you  have  not  allowed  any  opportunities 
for  doing  original  work  in  the  field  to  escape  you  ;  and  your  essay  on  the  Chemical 
and  Micro -mineralogical  Structure  of  the  several  zones  of  the  Upper  Cretaceous 
rocb  of  the  South  of  England  illustrates  admirably  how  such  detailed  work  should 
best  be  carried  out. 

Your  papers  on  the  **  Black-earth,"  *'the  Loess,*'  and  on  the  Chalk  of  Russia, 
"on  the  Genesis  of  the  Chalk/*  and  on  *' Oceanic  Deposits,"  iudicate  the  bent 
of  Your  researches  towards  the  microscopic  investigation  of  rocks — a  line  of  study 
wluch  Dr.  H.  C  Sorby,  F.R.S.,  a  past  President  of  this  Society,  so  profitably 
enngedin. 

The  Council  hope,  by  the  presentation  of  this  award,  not  only  to  mark  their 
appreciation  of  your  past  researches,  but  to  encourage  you  to  extend  them  to  other 
formations  with  the  same  useful  results. 

Dr.  Hume  replied  as  follows  : — Mr.  President, — 

At  times  a  feeling  of  despondency  has  crossed  my  mind,  when  I  have  considered 
the  vastness  of  our  subject,  and  the  smallness  of  the  contributions  which  1  have 
ouieavoured  to  add  to  our  knowledge  of  the  past ;  it  is  therefore  a  great  eucouruge- 
Dient  to  receive  this  mark  of  approval  from  those  whose  opinion  we  most  value  and 
coteem.  It  would,  indeed,  have  been  strange  if,  with  the  resources  of  the  Royal 
College  of  Science  at  my  disposal,  I  had  not  availed  myself  to  the  utmost  of  such 
exceptional  opportunities. 

Two  facts  afford  me  special  gratification  on  the  present  occasion  :  the  first,  that 
ftii  award  should  be  intimately  connected  with  the  great  geologist  whose  historical 
^  geographical  methods  I  have  been  most  anxious  to  follow  to  the  best  of  my 
*|>ili^;  the  second,  to  receive  it  from  you,  seeing  that  you  were  the  editor  who 
piloted  with  friendly  hand  my  first  publication,  at  a  time  when  it  was  especially 
ut  Tour  power  to  damp  or  re-inspire  the  ardour  of  a  young  enthusiast.     Therefore 
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to  7<m,  or,  to  the  Council,  and  to  the  kind  friendi  who  hiTo  aided  me  br  actiTe 
oooiiiel  or  friendly  criticism,  I  hereby  tender  my  meet  warm  and  hearty  thanu. 

The  Preeideot  then  handed  the  other  moiety  of  the  balance  of  the 
prooeeds  of  the  Lyell  G^eologioal  Fand  to  Charles  W.  Andrews,  Esq., 
B.A.,  B.Bc.,  F.G.S.,  of  the  British  Maseam  (Natural  History),  and 
addressed  him  as  follows  : — Mr.  Andrews, — 

Althoo^h  your  acientiflc  career  has  been  bat  a  short  one,  yon  baTe  lost  no  time  in 
en^^aginf  in  active  and  earnest  studies  as  a  comparative  anatomist  of  the  fossil  and 
living  Vertebrata,  and  have  already  done  some  excellent  work  on  the  remains  of  the 
extinct  gigantic  Birds  firom  Madagascar  and  from  other  parts  of  the  wurid.  Tour 
papcnre  on  Ktraterpeton  from  the  Coal-measores,  and  the  Oxfordian  genera  of 
Plesiosaaria,  prove  that  yon  have  already  acqoired  an  accurate  knowledge  of  many 
points  of  detail  in  the  anatomy  of  these  extinct  reptiles,  which  can  only  be  appreciated 
oy  an  equally  careful  study  of  existing  forms. 

In  making  tiiis  award,  the  Council  desire  not  only  to  assist  and  encourage  you  in 
the  work  wmch  you  have  taken  in  hand  with  so  much  enthusiasm,  but  wey  have 
a  confident  expectation  that  ^ou  will  ere  long  contribute  papers  to  their  Prooeedings, 
which  shall  do  honour  to  their  prescience  and  bring  jri^os  to  yourself. 

Mr.  Andrews,  in  reply,  said  : — Mr.  President,— 

I  wish  to  express  my  sincere  thanks  to  the  Council  for  the  great  honour  that  they 
have  done  me,  and  to  you,  sir,  for  the  altogether  too  kind  remarks  that  you  have 
made.  It  was  always  my  earnest  desire  to  study  the  structure  of  animals,  but  in 
my  wildest  dreams  I  never  hoped  to  have  such  opportunities  as  I  now  enjoy  at  the 
Natural  History  Museum,  ana  I  feel  continually  a  sense  of  responsibility  and  fear 
lest  I  should  prove  unequal  to  my  task.  Having  now  receivea  this  award,  I  am 
still  farther  bound  in  honour  to  do  my  utmost  to  justify  it,  and  to  fulfil  as  far  as 
possible  the  expectations  that  you  have  expressed. 

In  handinf^  a  moiety  of  the  Barlow-Jameson  Fund  to  Dr.  G.  J. 
Hinde,  F.G.S.  (for  transmission  to  Joseph  Wright,  Esq.,  F.G.S.,  of 
Belfast),  the  President  addressed  him  as  follows  : — Dr.  Hinde, — 

The  Council  have  awarded  the  sum  of  twenty  pounds  from  the  Barlow-Jameson 
Fund  to  Mr.  Joseph  Wright,  in  recognition  of  the  valuable  services  that  he  has 
rendered  to  the  palsBontology,  not  only  of  the  Carboniferous  rocks  in  the  South,  hut 
of  the  Cretaceous  and  post-Tertiary  deposits  in  the  North  of  Ireland,  and  the  glacial 
deposits  there,  and  in  Scotland. 

Mr.  Wright  ifl  the  author  of  numerous  papers  in  the  Transactions  of  the  Belfast 
Naturalists  Field  Club,  on  the  Irish  Liassic  and  Cretaceous  Foraminifera  and  other 
Miorozoa ;  he  has  also  prepared  and  published  many  lists  of  Foraminifera  from  the 
Scottish  and  Irish  Boulder-clay  and  other  post- Tertiary  deposits. 

He  has  done  much  good  work,  extending  over  many  years,  when  resident  in  the 
South  of  Ireland,  in  connection  with  the  fossils  of  the  Carboniferous  Limestone,  and 
both  as  regards  these,  and  the  newer  deposits  of  the  North,  his  specimens  have  been 
always  available  to  anyone  engaged  in  writing  on  the  fossils.  To  Davidson,  Rupert 
Jones,  Holl,  Brady,  myself,  and  others  Josepn  Wright's  cabinet  was  ever  accessible 
and  his  specimens  freely  lent  for  study. 

I  trust  that  this  award  will  serve  to  express  to  Mr.  Wright  our  appreciation  of 
his  services,  and  will  act  as  an  incentive  to  him  to  continue  his  usend  geological 
work. 

Dr.  Hinde  replied  as  follows  : — Mr.  President, — 

It  gives  me  great  satisfaction  to  receive  this  award  on  behalf  of  my  friend  Mr. 
Joseph  Wright.  He  is  unfortunately  unable  to  be  present,  and  has  sent  the  following 
letter  for  communication  to  you : — 

*<  I  desire  to  express  my  sincere  thanks  for  the  honour  conferred  upon  me  by  the 
Council  of  our  Society  in  recognition  of  my  past  work,  and  for  their  assistance  in 
the  further  prosecution  of  my  researches.  Working  so  remote  from  the  headquarters 
of  the  Society  causes  this  award  to  be  the  more  appreciated. 
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"  I  Tesrei  that  I  am  prerented  from  being  present  to  reeeiTe  it  in  pOTson,  but 
I  hope  inat  the  Council  will  accept  this  expression  of  my  feelings  regarding  their 
Approval  of  mj  work  in  a  somewhat  neglectea  field. 

**  For  some  years  past  nearly  all  my  spare  time  has  been  spent  in  microscopically 
wamining  the  Oladal  Clays  for  Foraminifera.  My  anticipation  as  to  the  occurrence 
of  these  organisms  in  clays  laid  down  under  Glacial  conditions  has  been  fully 
eonfirmed  both  aa  regards  our  local  deposits  and  other  British  clays,  and  I  cannot 
•void  thinking  that  this  fact  must  more  or  less  influence  our  views  as  to  the  origin 
•f  these  drifts.'* 

In  handing  to  A.  Strahan,  Esq.,  M.A.,  F.G.S.  (for  tranBmission 
to  Mr.  John  Storrie,  of  GarJifiT),  the  second  moiety  of  the  avirard 
made  from  the  Barlow- Jameson  Fund,  the  President  addressed  him 
as  follows : — Mr.  Strahan, — 

The  Coimdl  have  accorded  to  Mr.  Storrie  the  sum  of  twenty  pounds  from  the 
Barlow-Jameson  Fund,  in  recognition  of  his  services  for  the  advancement  of 
geological  science  while  in  charge  of  the  Cardiff  Museum,  and  subsequently  as  a 
vohmteer  worker  on  the  geology  of  South  Wales.  Mr.  Storrie,  1  am  informed, 
was  the  first  to  detect  and  describe  an  actual  exposure  of  the  base  of  the  Old  Red 
Sandstone  near  Rumney,  and  his  researches  have  aone  much  to  elucidate  the  obscure 
pknt-remains  from  the  Silurian  rocks  of  that  locality. 

In  tiie  B^tic  and  Triassic  strata  he  found  and  fixed  the  exact  horizon  of  certain 
foMib  new  to  the  district,  while  in  the  latter  he  made  an  interesting  discovery  of 
grains  of  gold.  His  intimate  and  accurate  knowledge  of  the  Cardiff  area  proved 
of  great  service  to  geolodsts  at  the  time  when  the  British  Association  held  its 
meeting  in  that  town.  Indeed,  few  geologists  have  worked  in  the  neighbourhood 
of  Cardiff  without  being  indebted  to  him  for  assistance. 

I  have  much  pleasure  in  handing  you  this  award  for  transmission  to  Mr.  Storrie. 

Mr.  Strahan,  in  reply,  said : — Mr.  President, — 

It  will  be  a  great  pleasure  to  me  to  forward  this  award  to  Mr.  Storrie.  The 
M^  of  our  Journal  testify  to  the  value  of  the  aid  that  he  has  rendered  to  many 
Fellows  of  the  Societv.  I  have  myself  been  indebted  to  hira  for  most  valuable 
usistance  in  the  geological  mapping  of  the  neighbourhood  of  Cardiff.  Mr.  Storrie 
writes  to  me : — 

'*  I  regret  that  it  will  not  be  in  my  power  to  attend  personally  to  thank  the 
President  and  Council  for  the  great  honour  that  they  have  done  me.  I  am  afraid 
that  up  to  now  I  have  not  done  enough  to  warrant  my  selection,  but  if  ever  I  am 
tble  in  future  to  do  anything  in  the  way  of  original  work  I  shall  be  very  anxious  to 
justify  this  choice  and  give  my  whole  mind  to  the  accompli-shment  of  the  best  work 
possible.  Tou  will,  I  hope,  convey  in  better  words  than  1  can  the  extreme  gratitude 
which  I  feel  for  the  award.'' 

The  President  then  proceeded  to  read  his  Anniversary  Address, 
in  which  he  first  gave  obituary  notices  of  several  Fellows,  Forei<5n 
Members,  and  Foreijjjn  Correspondents  deceased  since  the  last 
annual  meeting,  including  the  Marquis  de  Saporta  (elected  Foreign 
Member  in  1889),  J.  D.  Dana  (elected  Foreign  Member  in  1851), 
J.W.  Hulke  (President  from  1882-4),  Sir  E.  H.  Bnnbury  (elected 
in  1837),  the  Rt.  Hon.  T.  H.  Huxley  (elected  in  1856),  Valentine  BhU 
(elected  in  1874),  James  Carter  (elected  in  1877),  Sven  Loven 
(elected  Foreign  Member  in  1882),  Ludwig  Itiitiineyer  (elected 
Foreign  Member  in  1882),  W.  B.  D.  Mantell  (elected  in  1858), 
Charles  Tyler  (elected  in  1863),  E.  A.  Wunsch  (elected  in  1875), 
Hugh  Miller  (elected  in  1874),  and  Francis  E.  Brown,  late  Assistant 
Clerk  to  the  Geological  Society. 

The  President  congratulated  the  Society  on  its  continued  financial 
prosperity,  and  on  the  excellent  scientific  work  carried  on  under  its 
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auspices.  He  spoke  of  the  progress  of  the  Gkologioal  Survey,  and 
the  new  development  made  in  maps  and  memoirs ;  and  congratulated 
the  Palasontographical  Society  upon  attaining  its  50th  year  of 
existence.  He  thanked  the  Fellows  for  the  support  that  they  had  given 
to  the  Gboloqioal  Maqazine,  now  in  the  d2nd  year  of  its  exbtenoe. 

He  then  resumed  the  subject  of  his  address  of  1895,  dealing  this 
year  with  '<  The  Life-history  of  the  Crustacea  in  Later  Palaeozoic  and 
Neozoic  Times."  He  pointed  out  that  the  great  change  between 
Palaeozoic  and  Neozoic  life  was  observable  in  the  Carboniferous 
period,  when  we  reached  the  upward  limit  of  the  Trilobita,  the 
Eurypterida,  and  the  Ceratiocaridse.  But  before  these  had  dis- 
appeared, the  air-breathing  Scorpions  had  already  come  into  being 
as  far  back  as  in  the  Upper  Silurian  period  ;  the  Amphipods  and 
Isopods  had  also  commenced,  the  former  in  the  Upper  Silurian  and 
the  latter  in  the  Devonian  :  this  formation  also  revealed  the  earliest 
Macruran  decapod,  a  type  still  better  represented  in  the  succeeding 
Coal-measures.  He  showed  that  there  was  no  sharp  division  in  the 
Crustacea,  but  before  one  order  died  out  and  disappeared,  other  and 
successive  groups  had  already  come  into  existence,  thus  illustrating 
the  same  gradual  evolution  marked  by  so  many  other  groups  of 
organisms.  At  the  same  time,  he  ob8ei*ved  that  many  groups  were 
remarkably  persistent,  as  the  Ostracods  and  some  Phyllopods,  and 
the  Kin^-crabs  (Xiphosura). 

Dr.  Woodward  then  traced  briefly  the  development  of  the  orders 
Amphipoda,  Isopoda,  Cumacese,  Stomatopoda,  Schizopoda,  Macrura, 
and  Brachyura  iu  time,  giving  a  slight  sketch  of  the  life-line  of  each 
great  division  and  of  some  of  the  most  noteworthy  forms  of  the 
several  ordei's.     He  concluded  his  address  as  follows : — 

*'  Last  year  I  invited  your  attention  mainly  to  the  state  of  our 
knowledge  of  the  earlier  and  simpler  forms  of  Crustacea  inhabiting 
the  Palaeozoic  seas,  placed  in  the  great  division  of  the  Entomostraca. 
1  referred  to  the  extinct  Trilobita  and  the  important  advance  in  our 
knowledge  of  this  group  which  we  owe  to  American  palaeontologists. 
I  spoke  of  the  Merostomata,  including  therein  the  Eurypterida  and 
Xiphosura — the  former  aquatic  division  being  now  entirely  extinct, 
but  having,  no  doubt,  given  origin,  in  its  remote  ancestry,  to  the 
terrestrial  and  air-breathing  Scorpionidae,  which  have  come  down 
from  the  Silurian  epoch  to  our  time,  apparently  but  little  changed  in 
structure;  whilst  the  latter  (the  living  Xiphosura,  'King-crabs*) 
have  even  adhered,  in  both  their  general  form  and  their  aquatic 
mode  of  respiration  and  life,  to  their  Palaeozoic  progenitors.  I  dis- 
cussed the  Palaeozoic  <  giant  pod-shrimps,'  Phyllocarida,  placed 
heretofore  with  the  general  group  of  the  Phyllopoda,  now  claimed  as 
the  direct  ancestors  of  the  modern  Malacostraca,  but  still  represented 
by  one  living  form,  apparently  but  little  changed — the  genus  NebaUa. 

"  Of  the  other  divisions  of  the  Brachiopoda  I  said  but  little,  nor 
could  I  do  justice  to  the  Ostracoda  and  Copepoda,  while  as  regards 
the  Cirripedia,  on  which  Charles  Darwin  laboured  so  long  and 
exhaustively,  I  have  been  silent,  because  I  found  the  whole  subject 
of  the  Crustacea  more  than  sufficient  fur  two  addresses. 
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**  To-day  I  have  attempted,  va  a  very  imperfeot  manner,  to  bring 
into  the  foous  of  my  discourse  a  summary  of  the  fossil  Malaoostraca, 
to  which  our  modern  Crustacea  chiefly  belong.  It  is  true  that  the 
evidences  of  the  existence  of  this  division  prior  to  the  Mesozoio 
epoch  are  but  few  and  scanty  ;  nevertheless,  even  in  Carboniferous 
times,  if  not  in  still  earlier  ones,  we  catch  a  gleam  of  the  light  of  the 
living  life-forms  of  to-day,  shining  clearly,  though  afar  o£f,  down  the 
corridors  of  time,  revealing  ancestral  forms,  the  prototypes  of  those 
which  people  so  abundantly  our  modem  seas,  proving  that  the  living 
present  and  the  far  distant  past  are  indissolubly  linked  together,  and 
tliat  the  stream  of  life  has  flowed,  from  its  parent  source,  through  all 
time,  at  first  in  tiny  rills  and  murmuring  streamlets,  yet  ever 
growing  stronger,  *  from  running  brooks  to  rivers  wide/  pressing 
ever  and  for  ever,  onwards  from  the  river  to  the  sea. 

**  As  to  the  minute  details  of  the  course  which  the  evolution  of 
Crustacean  life  has  followed  in  pcust  times,  we  can,  in  many  cases, 
only  infer,  we  cannot  absolutely  prove  our  proposition.  Thus  we 
have  no  doubt  that  the  aquatic  Eurypterida  gave  rise  to  the  terrestrial 
Scorpionida,  but  we  cannot  show  any  direct  evidence,  because  we 
have  EurypteruB  and  Scorpio  side  by  side  in  Upper  Silurian  rocks, 
but  the  earlier  evolutionary  history  is  wanting.  Again,  Nebalia' 
like  forms  are  most  probably  in  the  direct  line  of  the  ancestry  of 
the  modem  Malacostraca,  and  in  the  Carboniferous  period  we  have 
Cumacea-Vike  forms,  which  have  probably  been  derived  from 
Ceratiocaris  and  have  given  rise  to  higher  Malacostraca ;  but 
Macruran  and  other  forms  of  Podophthalmata  and  Edriophthalmata 
were  already  in  existence  in  the  Devonian,  and  both  Cumaceas  and 
Nebalisa  continue  to  exist  unchanged  to  the  present  day. 

**  Looked  at  broadly,  however,  the  Crustacea  show  the  same 
upward  and  onward  development  which  marks  other  living  forms 
whose  geological  history  can  be  traced.  The  great  extinct  orders  of 
Eorypterida  and  Trilobita  have  disappeared  ;  the  other  Eutomostracan 
orders  have  survived,  but  they  no  longer  occupy  the  whole  field ; 
with  the  close  of  Palaeozoic  times  the  Malacostraca  have  developed 
in  strength,  and  now  occupy  the  stage  associated  with  the  Tracheata 
proper,  and  the  King-crabs  and  Scorpions,  which  latter,  like  the 
Ostraooda  and  Phyllopoda,  are  survivals  from  a  pre-Silurian  age. 

"Truly,  *  The  old  order  changeth,  yielding  place  to  new.'" 

(The  address  was  illustrated  by  about  100  drawings  and 
specimens  of  Crustacea.) 

The  ballot  for  the  Council  and  Officers  was  taken,  and  the  following  were  duly 
elected  for  the  ensuing  year : — Council:  H.  Bauerman,  Esq.;  W.  T.  Blanford, 
LL.D.,  F.R.S.;  Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S. ;  Prof.  W.  Boyd 
Dawkins  M.A.,  F.R.S. ;  H.  T.  Brown,  Esq.,  F.R.S. :  Sir  John  Evans,  K.C.B., 
LL.D.,  F.R.S.,  ;  Sir  A.  Geikie,  D.Sc,  LL.D.,  F.R.S.  L.  &  E.  ;  Prof.  A.  H. 
Green,  M.A.,  F.R.S.;  J.  W.  Gregory,  D.Sc;  F.  W.  Harmer.  Esq.;  R.  S. 
Herries,  Esq.,  M.A.  ;  Henry  Hicks,  M.D.,  F.R.S.;  Rev.  Edwin  Hill,  M.A.  ; 
T.  V.  Holmes,  Esq.  ;  R.  Lvdekker,  Esq..  B.A.,  F.R.S. ;  Lieut. -General  C.  A. 
McMahon;  J.  E.  Marr,  Esq.,' M.A.,  F.R.S.;  Prof.  H.  A.  Miers,  M.A.  ;  E.  T. 
Newton.  Esq.,  F.R.S. ;  F.  Rutley,  Esq.  ;  A.  Strahan,  Esq.,  M.A. ;  J.  J.  H. 
TeaU,  Esq.,  M.A.,  F.R.S. ;   H.  Woodward,  LL.D.,  F.R.S. 
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OmcsBB.—PregidmU:  Henry  Hicks,  M.D.,  F.R.8.  Viee-FrendenU :  Prof. 
T.  G.  Bonney,  D.Sc.,  LL.D.,  F.R.8.;  Prof.  A.  H.  Green,  M.A.,  F.R.S. ;  R. 
Lydekker,  £tq.,  B.A.,  F.K.S. ;  Lieut. -General  C.  A.  McMahon.  Secretaries: 
J.  £.  Marr,  £m.,  M.A.,  F.R.8. ;  J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.  Foreign 
Secretary',  Sir  John  Evans,  K.G.B.,  LL.D.,  F.R.S.,  F.L.S.  Treaeureri  W.  T. 
Blanford,  LL.D.,  F.B.S. 


MR.  JUKES-BROWNE  AND  THE  GENITIVE. 

Sib, — ^Mr.  Jukes-Browne  asks  whether  I  "made  a  slip  in  the 
ooDBtructioQ  of  the  name  "  MeracrinuB  Salopia.  I  answer,  **  No." 
I  deliberately  preferred  the  name  to  several  alternatives,  on  the 
grounds  of  euphony  and  brevity.  One  alternative  was  *'  Merocrinug 
BcrobbesbyrigahirensU  "  :  am  I  wrong  in  my  preference  ?  Mr.  Jukes- 
Browne  intimates  that  I  am  wrong ;  and  this  foroes  me  to  traverse 
all  his  assertions. 

It  is  needless  to  disouss  whether  Malopienaia  or  »alopieu8  be  the 
more  correct  adjectival  form  of  SoUopia  :  Mr.  Jukes-Browne  prefers 
the  latter  ;  the  former  is  the  one  in  universal  use.  I  rejected  both, 
not  from  considerations  of  correctness  or  incorrectness,  but  because 
I  liked  "  Salopm  "  better.  Mr.  Jukes- Browne  politely  but  firmly 
rebukes  me.  I  apologise,  indeed,  for  the  unintentional  insult  to 
one  of  his  lady  friends ;  but  to  me,  and  to  all  good  folk  round  the 
"Wrekin,  "  Scdopia  **  means  primarily  Shrewsbury  ;  and,  by  a  well- 
known  figure  of  speech,  we  constantly  extend  the  name  to  embrace 
the  whole  "eomitatus  BalopiensiB.**  Now  Mr.  Jukes-Browne  may 
dislike  genitives  as  much  as  did  Mistress  Quickly,  but  that  does 
not  make  them  improper.  Was  it  a  slip  when  Tacitus  wrote  of 
**  OermanicB  genies**  (Histor.  Ill,  xli),  or  '* Mcesia  duces"  (III,  liii), 
or  ** plana  Umbria'*  (III,  xlii)  ?  If  a  man  likes  to  talk  about  the 
Merocrinua  of  Salop,  rather  than  the  Salopian  Merocrtnua,  what 
power  in  the  world  is  to  hinder  him  ? 

I  fail  to  understand,  I  cannot  conceive,  on  what  grounds  Mr. 
Jukes-Browne  lays  down  the  law.  Apart  from  the  usage  of  classical 
Latin  writers  there  is  nothing  to  guide  one,  except  the  rules  and 
recommendations  formulated  by  various  committees  of  zoologists. 
In  the  first  code,  that  of  Strickland  (which  Mr.  Jukes-Browne  would 
call  the  Stricklandian),  nothing  is  said  on  this  point,  but  genitive 
forms  are  accepted  as  ordinary  components  of  the  appellations  of 
species.  In  the  last  code,  that  adopted  by  the  International 
Congresses  of  1889  and  1892,  I  find  these  rules: — 

**  146. — Names  of  persons  to  whom  the  species  is  dedicated. 
These  names  are  always  to  be  put  in  the  genitive.  This  genitive 
is  always  to  be  formed  by  the  addition  of  a  simple  t  to  the  exact 
and  complete  name  of  the  person  to  whom  the  dedication  is  made." 

*'  19. — If  the  specific  name  demands  the  employment  of  a 
geographical  name,  thin  should  either  be  put  in  the  genitive  or 
employed  under  its  adjectival  form,  if  it  was  known  to  the  Komans, 
or  if  it  ha6  been  Latinized  by  mediadval  writers.   Under  its  adjectival 
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foiin  it  18  'always  to  be  written  with  a  small  initial  letter :  e.g. 
AsdUlarwrn^  QaUim^  lyhicus,  (Bgyptiaeus,  eto.'* 

It  is  then  strange,  but  true,  that  the  name  Iferoerintu  Salopim  is 
not  only  in  oonformity  with  Latin  usage,  but  also  with  the  rules  of 
soologists.  As  for  euphony,  tastes  differ,  espeoially  in  different 
ooantries.  Mr.  Jukes-Browne  modestly  shrinks  from  the  Latinized 
genitive  of  "  Bell  *' ;  some,  however,  find  more  pungent  offence  in 
the  adjeotival  form  of  my  critic's  own  name,  even  when  screened  by 
a  '<  juices  "  or  similar  useful  prefix.  Still,  these  objections  are  purely 
provincial ;  they  would  not  be  felt  by  a  German  or  Japanese ;  they 
have  no  place  in  orthography  or  zoology.  And  is  it  not  absurd  of 
Mr.  Jukes- Browne  and  myself  to  be  discussing  a  mode  of  nomen- 
clature that  he  has  taken  a  vow  never  to  employ,  a  vow  which 
I  hope  we  shall  both  live  long  to  keep  ? 

NaTUBAL  H18TOBT  MUSBUM,  S.W.  Tj,      *      X>.-„_« 

Mmreh  4/*,  1896.  ^  •  ^  ^^™EB. 


CHARLES     WACHSMUTH. 

BoBir  SspTBMBBR  13th,  1829.  DiBD  Fbbruart  7th,  1896. 

Th«  Museum  of  Comparative  Zoology  at  Harvard  is  about  to 
publish  **  A  Monograph  of  the  Crinoidea  Camerata  of  North  America," 
in  two  volumes,  consisting  of  800  pages  and  83  plates.  This  great 
work  is  the  result  of  some  40  years'  labour  on  the  part  of  Charles 
Waohsmuth,  of  Burlington,  Iowa,  assisted  for  about  half  that  period 
by  Frank  Springer.  Those  who  have  followed  the  writings  of  these 
paliBontologists,  and  who  are  looking  forward  to  this  climax  of  their 
efforts,  will  deeply  regret  to  hear  of  the  death  of  the  senior  author, 
which  has  deprived  him  of  the  congratulations  of  his  colleagues  and 
the  joy  of  an  aspiration  fulfilled. 

Charles  Waohsmuth  was  the  only  son  of  Christian  Wachsmnth, 
an  eminent  lawyer  of  Hanover,  Germany,  in  which  city  he  was  born 
and  educated.  He  abandoned  the  profession  of  the  law  on  account 
of  weak  health,  and  early  turned  his  attention  to  commerce. 

In  1852  Charles  Waohsmuth  went  to  New  York  as  an  agent  for 
a  Hamburg  shipping  house  in  the  interest  of  German  emigration. 
Here  he  remained  for  two  years,  but  as  the  climate  did  not  agree 
with  him,  he  removed  to  Burlington,  Iowa,  where  he  finally  settled, 
having  married,  in  1856,  Miss  Bemandina  Lorenz.  Up  to  this 
time  Waohsmuth  had  paid  no  attention  to  science,  but  being  still  of 
weak  health,  he  was  advised  by  his  physician  to  spend  as  much  time 
as  possible  in  the  open  air,  and  to  take  to  fossil-collecting.  The 
magnificent  remains  contained  in  the  Burlington  Limestone,  especially 
the  fossil  crinoids,  soon  aroused  in  him  the  enthusiasm  that  ceased 
only  with  death.  In  less  than  three  years  he  had  made  a  collection 
whose  fame  extended  into  other  States.  Excited  by  the  report  of 
Jules  Marcou,  in  1864  Louis  Agassiz  visited  Burlinj^ton,  and  stnick 
by  the  intelligence  of  Waohsmuth  invited  him  to  Cambridge.  Thitlier 
be  went,  in  1866,  on  his  way  to  Europe.     This  journey  was  used  by 
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1)1  ra  to  good  purpose  in  oollecting  European  fosBils,  and  in  studjing 
the  orinoidB  in  the  principal  museums.  Finally  he  visited  the 
British  Museum,  with  one  of  his  magnifioent  Burlington  specimens 
in  either  pocket ;  these  were  promptly  purchased.  Fired  by  what 
he  had  seen,  Wachsmuth,  on  his  return  to  Burlington,  determined  to 
devote  the  rest  of  his  life  to  the  study  of  the  crinoids.  His  want  of 
scientific  training  was  not  altogether  a  disadvantage,  since  he  came 
to  the  subject  unhampered  by  the  preposterous  notions  of  orinoid, 
or  at  least  fossil  crinoid,  morphology  tbat  obtained  among  the  older 
writers.  W.  H.  Niles,  a  student  of  Agassiz,  had  been  led  to  believe, 
from  the  published  observations  of  Dr.  C.  A.  White,  and  from  notes 
given  him  by  Wachsmuth,  that  a  careful  study  of  the  distribution 
of  the  crinoidal  remains  at  Burlington  would  be  rewarded  with 
interesting  results.  He  came  to  Burlington  and,  as  he  says,  "  found 
Mr.  Wachsmuth  acquainted  with  many  important  facts  in  this 
connection  which  could  be  reached  only  by  a  long  experience  in 
collecting  these  fossils,  by  an  intimate  acquaintance  with  the  species, 
and  a  series  of  most  careful  observations.^'  The  result  of  his  visit 
was  the  joint  paper  published  in  the  American  Journal  of  Science 
in  1866,  proposing  a  division  of  the  Burlington  Limestone  into  two 
horizons,  based  on  the  restriction  of  the  various  species  of  Crinoids 
to  one  or  other  of  these  two.  The  paper  was  also  of  importance  as 
pointing  out  the  gradual  progression  of  crinoidal  life  and  structure 
from  the  Lower  Burlington  to  the  Keokuk  Limestone,  an  idea 
afterwards  elaborated  by  Wachsmuth  and  Springer  in  their  remark- 
able paper  on  '<  Transition  Forms  in  Crinoids,"  1878.  F.  B.  Meek, 
who  was  preparing  the  fifth  volume  of  the  Illinois  Survey,  also 
oame  to  study  Waohsmuth's  collection,  and  in  that  volume  are 
several  remarkable  notes  on  the  structure  and  habits  of  Palaeozoic 
Crinoidea,  based  upon  ''some  unique  and  exceedingly  interesting 
specimens'*  in  the  collection  of  Wachsmuth.  The  authors.  Meek 
and  Worthen,  remark:  ''We  express  our  thanks  to  Mr.  Wachsmuth 
for  the  zeal,  industry,  skill,  and  intelligence  he  has  brought  to  bear, 
in  oollecting  and  preparing  for  study,  such  an  unrivalled  series  of 
the  beautiful  fossil  Crinoidea  of  this  wonderfully*  rich  locality. 
Some  idea  of  the  extent  of  his  collection  ....  may  be  formed,  when 
we  state  that  of  the  single  family  Actinocrinidae  alone,  after  making 
due  allowance  for  probable  synonyms,  he  must  have  specimens  of 
near  150  species,  or  perhaps  more,  and  many  of  them  showing  the 
body,  arms,  and  column.  It  is  also  due  to  Mr.  Wachsmuth  that  we 
should  state  here  that  he  is  not  a  mere  collector  only,  but  that  he 
understands  what  ho  collects,  and  knows  just  what  to  collect,  as 
well  as  how  to  collect" 

Later  on  Agassiz  paid  a  second  visit  to  Burlington,  and  for  the 
sum  of  6000  dollars  induced  Wachsmuth  to  part  with  his  magnifioent 
collection,  and  also  to  come  to  Cambridge  to  arrange  the  specimens 
for  exhibition,  and  to  study  them  and  publish  the  results.  After 
this  Wachsmuth  made  a  second  collection,  by  no  means  so  exteuKive 
the  first,  but  still  containing  many  splendid  specimens,  which  he 
oght  with  him  on  his  second  visit  to  Europe  in  1874,  and  sold 
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to  the  Britisb  Museam  for  £80.  The  203  specimenB  thus  obtained, 
together  with  76  Bpeoimens  received  through  exchange  in  1888, 
contain  many  of  the  finest  examples  In  the  Museum,  and  some 
which  are  in  their  way  unique,  notably  the  splendid  calyx  of 
Hegisioerinus  Evansi^  measuring  8  cm.  (3-^-  inches)  in  diameter. 

Again  Wachsmuth  settled  down  in  Burlington,  eager  to  make 
a  fresh  collection  and  continue  his  studies.     He  was  so  fortunate  as  to 
fall  in  with  Mr.  Frank  Springer,  then  a  young  lawyer  at  Burlington, 
with  whose  assistance  he  again  gathered  together  one  of  the  finest 
oollections  of  crinoids  in  the  world,  to  receiye  which  he  built  a 
special  fire- proof  museum  at  the  back  of  his  home  in  Marietta  Street. 
From  this  time  onwards  there  have  appeared  a  series  of  important 
papers,  which,  with  the  exception  of  '*  Notes  on  the  Internal  and 
External  Structure  of  Palsoozoic  Crinoids  "  (American  Journal  of 
Science,  1877)  have  been  written  by  the  two  friends.     Next  to  the 
paper  just  mentioned,  which  was  an  epoch-making  one  in  this  branch 
of  science,  the  most  valuable  is  the  "  Revision  of  the  Palsdocrinoidea," 
published  by  the  Philadelphia  Academy.     To  deal  in  detail  with 
tiie  differences  in  our  knowledge  of  these  animals  that  have  been 
doe  to   Wachsmuth  and   Springer,  is    impossible  on   the  present 
oooasion,  and  readers  may  be  referred  to  the  Gsoloqioal  Magazine, 
Decade  III,  Vol.  VIII,  pp.  219-224,  for  one  of  the  very  few  accounts 
of  their  work  that  have  appeared  in  this  country.     We  may,  however, 
again  point  out  that  these  authors  were  very  different  from  the  usual 
race  of  species-mongering  collectors  that  flourish  too  plentifully  in 
similar  rich  localities.     Their  aim  was  not  so  much  to  add  to  the 
already   overladen  lists  of   species  as,  on  the  one  hand,  to  sift, 
Bnmmarize,  and  correct  the  work  of  their  predecessors,  and,  on  the 
other  hand,  to  throw  what  light  they  could  upon  the  structure  and 
classification  of  the  Orinoidea.     It  is  not  the  least  praise  that  can  be 
accorded  them  to  say  that  many  of  the  suggestive  views  which  they 
have  at  various  times  put  forward  they  have  at  other  times  overthrown 
by  their  own  more  careful,  more  extended  observations.     There  are 
those  who  jeer  at  the  inconsistencies  of  science,  forgetful  of  the  wise 
saying  that  it  is  only  fools  who  never  make  mistakes.     In  searching 
out  his    knowledge   Wachsmuth    was    possessed    of  indefatigable 
patience ;   and  in  maintaining  what  he  held  to  be  the   truth,  he 
displayed  a  vigorous  enthusiasm.     At  the  same  time  he  was  always 
ready  to  discuss  objections,  and  to  yield  with  open  mind  to  more 
powerful  arguments.      His  generosity  to   his  fellow- workers,  and 
especially    to   those   in   England,   must   not  pass   unnoticed   here. 
I  could  speak  myself  of  his  kindness,  both  in  correspondence  and 
in  person,   when  I   had   the   pleasure   of   staying    with    him    and 
examining  bis  marvellous  collection  at  Burlington  ;  but  it  is  perhaps 
ttore  fitting  that  I  should  quote  from  Etheridge  and  Carpenter's 
preface  to  their  "  Catalogue  of  the  Blastoidea  in  the  British  Museum," 
when  they  say — "  Our  chief  difficulty,  the  want  of  adequate  material, 
Was  soon  and  simply  solved  ;  for  Mr.  Charles  Wachsmuth  generously 
offered   to   place   at  our  disposal  a  selected  series    from   his  fine 
collection   of  American  Blastoids.     Though  it  was  originally  lent 
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for  six  months  only,  the  owner's  liberality  has  enabled  it  to  remain 
in  our  hands  for  over  five  years.  Nothing  that  we  can  say  can 
express  better  than  this  statement  the  extent  of  onr  indebtedness 
to  Mr.  Waobsmuth's  generosity,  which  prompted  him  to  expose  a 
valuable  collection  to  a  double  journey  across  the  Atlantic  and 
a  prolonged  detention  in  this  country,  in  the  hope  of  promoting 
scientific  knowledge.  Besides  providing  us  with  material,  Mr. 
Wachsmuth  has  also  been  kind  enough  to  keep  us  informed  from 
time  to  time  of  the  progress  of  his  own  researches.  We  tender  him 
our  most  sincere  thanks  for  the  very  free  use  which  he  has  allowed 
us  to  make  of  his  unpublished  observations."  F.  A.  B. 


Palaontogbaphioal  Society. 

THIS  Society,  which  was  established  in  the  year  1847  for  the 
purpose  of  figuring  and  describing  the  fossils  of  the  British 
Isles,  issued  last  year  its  49th  volume,  and  the  50th  volume  may  be 
expected  early  this  year.  The  monographs  in  course  of  publication 
include  those  of  the  Gasteropoda  of  the  Inferior  Oolite,  by  Mr. 
Hudleston;  the  Ammonites  of  the  same  formation,  by  Mr.  S.  S. 
Buckman ;  certain  Lamellibranchs  of  the  Goal-measures,  by  Dr. 
Wheelton  Hind ;  the  Devonian  Fauna  of  the  South  of  England, 
by  the  Rev.  G.  F.  Whidbome ;  the  Crag  Foraminifera,  by  Prof. 
T.  Rupert  Jones ;  and  the  Fossil  Sponges,  by  Dr.  G.  J.  Hinde. 

Although  so  much  has  been  accomplished,  there  yet  remains 
a  very  large  amount  of  work  to  be  done.  Of  this  future  work 
the  more  important  will  be  the  description  and  illustration  of  the 
Jurassic  and  Cretaceous  Fishes  (certain  Ganoids  excepted)  ;  the 
Jurassic  and  Cretaceous  Lamellibranchs  (with  the  exception  of  those 
of  the  Great  Oolite  and  the  Trigonia)  :  the  Gasteropods  of  the 
Lias,  Middle  and  Upper  Oolites,  and  Cretaceous  Rocks ;  the  Lower 
Carboniferous,  Silurian,  and  older  Mollusca;  the  Polyzoa  of  all 
formations  (except  the  Crag)  ;  the  Mesozoic  Crustacea ;  the 
Palsaozoic  Echinoderms  (except  the  Devonian) ;  and  the  Insects  of 
all  formations. 

Unfortunately,  Palssontology  is  not  an  exact  science,  and  with  the 
multiplication  of  species  nowadays  it  is  difficult  to  foretell  the  time 
when  the  Palasontographical  Society  will  have  terminated  its 
valuable  labours. 

It  has  now  reached  the  point  of  preparing  to  issue  its  fiftieth 
annual  volume,  and  it  seems  highly  desirable  that  public  attention 
should  be  drawn  to  the  important  work  carried  on  by  this  Society, 
in  order  to  attract  new  members.  We  can  imagine  no  better  way 
to  effect  this  object  than  by  sending  out  a  circular  announcing  the 
Jubilee  of  the  Society  this  year,  and  inviting  all  members  to  cele- 
brate the  occasion  by  a  public  meeting  and  dinner,  at  which  all  old 
**  pals  "  should  meet  once  more.  The  custom  was  to  hold  an  annual 
dinner  on  the  anniversary  day,  and  we  hope  this  excellent  and  time- 
honoured  practice  of  the  Palseontographical  Society  will  now  be 
revived. 


THE 

GEOLOGICAL    MAGAZINE. 

NEW    SERIES.      DECADE    IV.      VOL.    III. 


Ho.  v.— MAY,  1896. 


I. — The  Morphology  of  Triarthuus} 

By  C.  £.  Bbbchbb, 

Of  Tale  MuBeum,  New  Haven,  Conn.,  U.S.A. 

(PLATE   IX.) 

MOST  of  the  recent  advances  in  the  knowledge  of  trilobite-' 
stmcture  have  come  from  the  study  of  Triarthrua.  Since 
Valiant's  discovery  of  the  antennae,  and  its  announcement  by 
Matthew  in  1893,  the  writer  has  published  a  series  of  papers  on 
the  detailed  structure  of  this  trilobite.  Much  time  has  also  been 
spent  in  carefully  working  out  the  numerous  specimens  from  the 
abundant  material  in  the  Yale  Museum.  Altogether  upwards  of  five 
hundred  individuals  with  appendages  more  or  less  complete  have 
been  investigated  ;  and  at  the  present  time,  it  may  safely  be  said 
that  the  important  exoskeletal  features  have  been  seen  and 
described.' 

Notwithstanding  the  amount  of  information  regarding  the  details 
of  the  various  organs,  very  little  has  been  shown  illustrating  the 
general  appearance  of  the  animal  with  the  appendages  in  a  natural 
and  lifelike  position,  and  it  is  one  object  of  the  present  article 
to  supply  this  deficiency. 

Several  specimens  have  been  lately  developed  which  preserve  not 
only  the  appendages  in  great  perfection,  but  also  show  them  ex- 
tended and  disposed  in  a  very  lifelike  manner.  No  new  structural 
points  are  here  brought  out,  yet  the  representation  of  the  complete 
animal  serves  as  a  summary  of  present  knowledge,  and  also  gives 
a  definite  picture  of  great  assistance  in  forming  a  conception  of 
general  trilobite  morphology. 

The  dorsal  view  represented  on  Plate  IX  is  from  a  camera 
drawing  based  upon  three  specimens  of  about  the  same  size.  One 
gives  the  entire  series  of  legs  down  to  the  ninth  free  segment,  with 
the  exception  of  the  exopodites  of  the  head,  which  are  supplied  from 
a  second  individual.  In  the  third  specimen,  the  anterior  appendages 
are  bent  and  irregularly  arranged,  while  from  the  ninth  backward 
to  the  end  of  the  pygidium  they  are  complete  and  uniformly 
extended.  The  figure  is,  therefore,  a  restoration  only  in  so  far  as 
representing  the  best  portions  of  three  individuals. 

*  Reprinted  from  the  American  Journal  of  Science,  4th  series,  vol.  i,  No.  4,  April 
1896,  pp.  251-266. 

'  The  more  important  literature  relating  to  the  structure  of  the  genus  Triarthrus 
is  given  at  the  end  of  the  present  article ;  numherd  in  the  text  refer  to  this. 
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The  Tentral  view,  Plate  IX,  is  based  mainly  upon  two  very 
excellent  specimens.  One  was  fip^ured  on  plate  It,  vol.  xv,  of  the 
American  Qeologiat,  and  another,  since  found,  nearly  completes  the 
▼entral  aspect.  The  nnder  side  of  the  head  and  pygidium  was  care- 
fully compared  with  all  the  available  material,  and  no  attempt  was 
made  to  supply  any  characters  except  as  to  the  exact  number  of 
joints  in  the  endopodial  cephalic  elements  and  the  precise  form  of  the 
cephalic  exopodites,  which  from  every  character  observed,  and  from 
analogy  with  similar  structures  elsewhere,  were  as  represented. 

So  many  specimens  preserve  the  appendages  in  the  position  shown 
in  the  figures,  that  this  must  be  recognized  as  natural  and  one  likely 
to  have  been  assumed  by  the  living  animal  when  extended.  Few, 
however,  show  the  details  of  the  limbs  with  sufficient  clearness  to 
enable  one  to  make  out  all  their  joints,  and  more  minute  characters. 

In  comparison  with  what  is  now  known  of  the  appendages  of 
several  other  genera  of  trilobites,  especially  TrinudeuSy^  those  of 
Triarihrtu  seem  to  have  been  exceptionally  long.  On  this  point 
Bernard,  in  a  letter  to  the  writer,  suggests  that  "  Triarthrut  must 
have  been  a  sort  of  '  Daddy  longlegs '  among  the  Trilobites,  as 
Scuttgera  is  among  the  Myriapoda."  The  entire  length  of  a  thoracio 
leg,  including  the  coxal  joint,  is  nearly  equal  to  the  width  of  the 
body  at  that  point,  and  about  half  the  length  projects  beyond  the 
pleura. 

The  limbs  of  the  head  diminish  in  length  forwards  until  the 
anterior  pair  scarcely  extends  beyond  the  border  of  the  oephalon. 
The  anterior  thoracic  legs  are  the  longest,  and  there  is  a  gradual 
shortening  backward  in  the  series,  especially  noticeable  after  passing 
the  fifth,  those  at  the  extremity  of  the  pygidium  being  about  one- 
ninth  the  length  of  the  first  thoracic  leg.  Their  position  is  also  of 
interest.  At  the  posterior  extremity  they  point  almost  directly 
backwards,  while  those  on  the  head  are  directed  more  or  less 
forwards.  Between  these  two  extremes,  all  the  intermediate 
positions  occur  in  regular  order. 

The  gnathobases,  or  ooxopodites,  become  more  and  more 
specialized  anteriorly,  growing  broader  and  having  their  inner  edge 
denticulate,  until  on  the  head  they  function  as  true  manducatory 
organs.  The  second  pair,  however,  corresponding  to  the  mandibles 
of  higher  Crustacea,  has  not  become  clearly  differentiated  from  the 
rest  of  the  series,  and  apparently  has  not  lost  the  exo-  and  endo- 
podial branches. 

Few  changes  of  importance  can  be  traced  in  the  exopodites, 
though  the  latter  are  considerably  reduced  in  size  on  the  cephalon. 
Over  the  anterior  half  of  the  thorax,  they  functioned  as  vigorous 
paddles ;  and  on  the  pygidium  their  length  and  compact  arrangement 
made  them  overlap  each  other,  thus  producing  two  broad  flaps,  or 
fin-like  organs.  The  conclusion  cannot  be  avoided  that  Triarthrus 
must  have  been  an  active  creature,  and  with  its  rows  of  endopodites 
and  exopodites  it  was  as  fully  equipped  as  the  bireme  in  classic 

^  ''Structure  and  Appendages  of  TrinueleuSy*^  C.  £.  Beecher:  Amer.  Journ. 
Science,  yoI.  xlix,  April  1895. 
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naTigation.  The  form  of  the  animal  and  the  multiplicity  of 
locomotor  organs  were  well  adapted  for  rapid  motion  either  along 
the  sea-bottom  or  through  the  water. 

The  youngest  and  most  immature  limbs  are  on  the  pygidium,  and 
in  a  young  trilobite  they  are  very  much  like  those  in  the  larval 
Apui  (4)  and  are  typically  phyllopodiform.  According  to  the  law  of 
morphogenesis,  these  limbs  may  be  taken  as  of  phylogenetic  value 
and  indicative  of  the  primitive  type  of  limb  structure. 

The  whole  series  of  endopodites  anterior  to  the  l^tst  two  or  three 
show  modifications  from  the  phyllopodous  type,  the  change  involving 
progressively  from  one  to  all  of  the  endites.  The  endopodites  of 
the  pygidinm  have  a  true  phyllopodiform  structure,  and  are  com- 
posed of  broad  leaf-like  joints,  wider  than  long.  This  character  is 
gradually  lost  in  passing  anteriorly,  the  distal  endites  being  the  ones 
first  affected.  By  the  time  the  anterior  pygidial  limb  is  reached,  the 
three  distal  joints  are  longitudinally  cylindrical.  The  ninth  thoracic 
endopodite  shows  a  fourth  endite  becoming  cylindrical,  and  on  the 
first  and  second  thoracic  legs  even  the  proximal  ones  are  thus 
modified,  making  all  the  endites  of  these  limbs  slender  in  form. 

This  gradual  modification  of  a  phyllopodiform  swimming  member 
into  a  long,  jointed,  cylindrical  crawling  leg  deserves  more  than 
passing  notice,  for  here,  probably,  better  than  in  any  known  recent 
form,  can  the  process  and  its  significance  be  studied.  No  living  type 
of  crustacean  more  nearly  conforms  to  the  theoretical  archetype  of 
the  class  than  do  the  trilobites ;  and  as  Triarthrus  belougs  to  an 
ancient  Cambrian  family,  it  may  be  expected  to  retain  very  primitive 
characters. 

In  this  genus  several  causes  evidently  influenced  the  modification 
of  the  appendages.  First  may  be  mentioned  the  specialization  into 
oral  organs  of  the  gnathobases  of  the  head,  which  would  tend  toward 
a  reduction  of  the  other  portions  of  the  limbs.  Next,  the  assumption 
of  a  walking  habit  would  gradually  lead  to  a  corresponding 
adaptation  of  the  anterior  thoracic  endopodites,  this  region  of  the 
body  being  naturally  the  place  where  they  would  be  most  operative. 
Lastly,  any  tendency  to  change  the  form  of  the  anterior  limbs  would 
be  accelerated  through  the  greater  number  of  moults  they  undergo 
as  compared  with  the  abdominal  appendages. 

Since  the  anal  segment  of  Crustacea  contains  the  formative 
elements  ont  of  which  all  the  trunk  segments  are  successively 
developed,  it  may  be  considered  as  the  same  segment  in  all  Crustacea, 
no  matter  how  many  nor  what  kinds  of  segments  may  intervene 
between  it  and  the  head.  The  youngest  segment,  therefore,  is 
always  in  the  budding  zone,  just  in  front  of  the  telson,  or  terminal 
somite,  and  those  further  anterior  and  more  differentiated  are  older. 
This  sequential  order  in  the  age  of  the  segments  and  appendages 
may  be  greatly  obscured  in  higher  forms,  so  that,  as  in  the 
Thoracostraca,  the  last  pair  of  pleopods,  forming  with  the  telson  the 
caudal  fin,  appears  at  an  early  st^ge  of  the  ontogeny.  In  such  cases, 
as  Lang  says,  "the  grade  of  development  and  physiological 
importance  of  a  section  of  the  body  or  of  a  pair  of  limbs  in  the  adult 
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animal  may  be  reoognized  by  the  earlier  or  later  appearance  of  tbeir 
rudiments/'  * 

In  TriarihruB,  these  disturbing  factors  are  hardly  to  be  reoognized, 
for  no  pair  of  limbs  had  an  excessive  physiological  importance  over 
any  other  pair  or  series  of  pairs,  and  increase  progressed  regularly 
by  the  addition  of  new  members  in  front  of  the  anad  segment.  The 
pygidium,  being  formed  of  fused  segment-s,  accommodated  itself  to 
this  kind  of  growth  by  pushing  forward  the  series  of  limbs  and  by 
the  formation  of  a  new  free  segment  at  the  posterior  end  of  the 
thorax.  This  process  of  metameric  growth  continued  from  the 
protaspis  stage  with  no  free  thoracic  segments,  and  successively 
added  segment  after  segment  with  corresponding  moults,  until  the 
full  complement  was  reached,  after  which  the  moulting  resulted 
mainly  in  increase  in  size.  The  repetition  of  moults  afforded  the 
chief  means  by  which  modifications  in  the  appendages  could  be 
brought  about. 

The  earliest  protaspis  stage  shows,  from  the  segmentation  of  the 
axis,  that  there  were  present  five  pairs  of  appendages  on  the  head 
and  two  on  the  pygidium  (6).  The  adult  animal  has  thirteen  or 
fourteen  free  thoracic  segments  and  six  pygidial.'  Now,  so  far  as  is 
known  of  trilobite  ontogeny,  there  was  nevermore  than  one  segment 
added  at  a  single  moult,  though  there  is  no  evidence  that  there  may 
not  have  been  more  moults  than  segments  between  the  protaspis 
stage  and  the  finished  segmentation.  In  TriarthruSf  the  average  full 
number  of  segments  was  attained  by  the  time  the  animal  reached 
a  length  of  about  7  mm. :  so  that  the  limbs  of  the  anterior  thoracic 
segment  in  an  individual  7  mm.  in  length,  and  containing  the  full 
complement  of  fourteen  free  and  six  pygidial  segments,  must  have 
undergone  at  least  seventeen  moults.  The  second  thoracic  segment, 
therefore,  at  this  stage  of  growth  would  have  been  moulted  sixteen 
times,  the  fifth  thirteen  times,  the  tenth  eight  times,  and  the  four- 
teenth four  times.  The  length  of  full-grown  individuals  is  from  25 
to  40  mm.,  and  to  have  reached  this  size  a  considerable  number  of 
additional  moults  must  have  occurred,  in  which  all  the  segments 
participated  alike. 

Some  mention  should  be  made  of  the  probable  method  of 
respiration  of  Triarthrus.  No  traces  of  any  special  organs  for  this 
purpose  have  been  found  in  this  genus,  and  their  former  existence 
is  very  doubtful,  especially  in  view  of  the  perfection  of  details 
preserved  in  various  parts  of  the  animal. 

The  delicacy  of  the  appendages  and  ventral  membrane  of 
trilobites  and  their  rarity  of  preservation  are  sufficient  demonstration 
that  these  portions  of  the  outer  integument  were  of  extreme 
thinness,  and  therefore  perfectly  capable  of  perfoiming  the  function 
of  respiration.  Similar  conditions  occur  in  most  of  the  Ostracoda 
and  Copepoda,  and  also  in  many  of  the  Cladocera  and  Cirrepedia, 
where  no  special  respiratory  organs  are  developed. 

>  "Textbook  of  Comparatiye  Anatomy,'*  English  edition  (Bernard),  p.  410. 
*  A  few  individuals  of  this  species  {T,  Becki)  have  been  observed  wim  one  or  two 
additional  thoracic  segments. — Walcott  (11). 
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The  fringes  on  the  ezopodites  in  Triarihrm  and  Trinudeva  are 
made  np  of  narrow,  oblique,  lamellar  elements  becoming  filiform  at 
the  ends.  Thus,  they  presented  a  large  surface  to  the  external 
medioniy  and  partook  of  the  nature  of  gills.  But,  as  Gegenbaur 
lays,  '*ihe  functions  of  respiration  and  of  locomotion  are  often  so 
closely  united  that  it  is  difficult  to  say  whether  certain  forms  of 
these  appendages  should  be  regarded  as  gills,  or  feet,  or  both  com- 
bined." ^  For  purposes  of  locomotion,  the  limbs  of  the  cephalon  and 
pygidiom  were  of  feeble  assistance  compared  with  those  on  the 
thorax ;  and  in  the  higher  Crustacea,  these  two  regions  are  the  ones 
where  the  greatest  branchial  specialization  takes  place. 
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Explanation  op  Plate. 

Fio.  1. — Triarthrus  Beeki^  Ofeenx   dorsal  view;  showing  character  and  extent  of 

antennules  and  limbs  beyond  the  carapace,     x  2|. 
Fio.  2. — Triarthrus  Beekiy  Green  :   ventral  view  ;  showing  entire  series  of  appen- 
daeee,  together  with  hypostoma,  metastoma,  and  anal  opening,    x  2^. 
Formation  ana  locality, — Utica  Slates,  Ordovician :  near  Rome,  New  York,  U.S.A. 

1  **£lementi  of  Comparative  Anatomy,''  £ng.  edit.  (Bell  and  Lankester),  p.  241. 
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11. — On  thb  Identification  op  thb  Acanthoceras  mamuillatum 

AND     HOPLITBS    1NTBRRUPTV8    ZoNKS    AT    OkKFOBD     FiTZPAINB, 
D0B6KT8HIBX. 

By  R.  BnxEN  Nhwton,  F.G.S. 

SOME  moUuBcan  and  other  remains  obtained  by  Miss  Forbes  and 
Miss  Lowndes  from  a  brick -pit  exposure  at  Okeford  Fitzpaine, 
near  ShilUngstone  station,  Dorsetshire,  have  recently  been  submitted 
to  me  for  determination.  They  comprise  two  series  of  specimens 
indicative  of  the  well-known  Gretaoeous  zones  of  Acanthoceras 
mammillatum  and  Hoplites  interruptus.  Those  from  the  former  or 
earlier  horizon  were  collected  about  nine  years  ago,  whereas  the 
others  were  obtained  within  the  last  few  weeks.  It  will  be  con- 
venient to  name  the  species  identified  from  the  Acanthoceras 
mammillatum  zone  first,  then  to  describe  the  beds  constituting  the 
whole  of  the  section,  and  lastly  to  give  a  list  of  the  fauna  from  the 
Hoplites  interruptus  zone. 

(A)  The  Acanthoceras  mamnUUatum  Zone. 

Acanthoceras  mammillatum,^  Schlotheim,  sp. 
Hoplites  Benettianus,  J.  de  C.  Sowerby,  sp. 
Pleuromya  plicata,  J.  de  C.  Sowerby,  sp. 
CucuUcea  carinata,  J.  Sowerby,  sp. 
Ostrea  Leymeriei  (Deshayes  MS.),  Leymerie. 
Exogyra  sinuata,^  J.  Sowerby. 

The  matrix  surrounding  these  shells  is  mostly  of  an  aigillaceous 
sandy  character,  slightly  micaceous,  and  of  a  brown,  grey,  or 
yellowish  colour.  That  associated  more  particularly  with  the 
specimens  of  Ostrea  and  Exogyra  exhibits  an  oolitic  structure,  the 
grains  of  which  are  heavily  charged  with  hydrated  oxide  of  iron. 
This  fossiliferous  bed,  containing  also  some  small  siliceous  pebbles, 
has  a  thickness  of  five  feet,  and  lies  about  twenty -eight  feet  from  the 
surface;  beneath  is  a  deposit  of  pure  sand,  having  a  depth  of  three 
feet,  which  reposes  on  a  stiff  blue  clay  of,  probably,  Kinieridge  age ; 
at  the  base  of  this  occurs  a  sandy  rock -formation  which  possibly 
belongs  to  the  Corallian  period.  Immediately  above  the  deposit 
containing  the  shells  is  a  seam  of  brown  sandy  rock,  four  feet  in 
depth,  succeeded  by  fifteen  feet  of  a  grey-coloured  sandy  clay  (of 
a  bluish  tint  when  damp),  with  phosphatic  nodules  interspersed 
(a  section  of  one  showing  veins  of  calcite) ;  both  these  bear  a  Lower 
Gault  fauna,  characterized  by  Hoplites  interruptus,  etc.  Then  follow 
two  un fossiliferous  bands — one  of  brown  clay,  five  feet  thick,  the 
other  of  yellow  clay  with  angular  fragments  of  chert,  three  feet 
thick ;  a  foot  of  subsoil  occurring  above  this  completes  the  section. 

^  This  name  has  been  incorrectly  written  mammillaris  by  many  authors,  though 
its  original  rendering  was  [Ammonites]  mammWatus. 

^  E.  sinuata  (synonymous  with  £,  aquiia  of  Continental  authors)  is  not  to  be  con- 
founded with  E.  Cotihni,  Defrance  {ssgubsinuatUj  Leymerie),  the  latter  differing  not 
only  in  specific  details,  but  characterizing  a  lower  horizon,  viz.  the  Hauteriyien  stage, 
or  the  upper  part  of  the  Neocomian  strata. 
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In  tabular  order  the  beds  ^  may  be  thus  arranged  :^ 

OUOSOU  •••       •••       •••       ••«       •••       •««       *a«       «•• 

Yellow  day  with  chert        

Brown  clay  without  chert    

i  Dark-grey  coloured,  oiicaceous,  and  sandy  clay 
with  puosphatic  nodules;  fossilUerous  in  the 
lower  V  lee*       «••     .•<  ..«     .«•     *..     .•« 

Brown  sandy  rock,  with  fossils  in  the  upper  part 

AeantkoeeroM  ( -^Sf^l^*"^**^  sandy  beds,   micaceous,  and  of  a 

^^^...'//^/.^  )     brown,  grey,  or  yellowish  colour ;  ferruginous 

Z^b!^      I     *^d   oofitic;    siliceous   pebbles  interspersed; 

V    fosiiliferous       •• 

PAptxav.        Pure  sand      

KzMXBiDoiAir.    Stiff  blue  clay      ., 

P  CoRAT.T.TAN.     Sandy  rock. 

Among  the  great  group  of  the  Ammonites  characterizing  the 
Cretaceous  formation,  none  is  perhaps  of  more  importance  than  that 
of  Aeanihocera$  mammillatum.  As  a  zonal  species  it  is  of  the 
highest  value  to  the  geologist,  being  restricted  in  its  distribution  to 
the  topmost  stratum  of  the  Folkestone  beds,  and  never  occurring 
either  above  or  below  this  position  in  tbe  series.'  The  present 
discovery,  therefore,  of  the  Aeanthoceras  mammillatum  zone  in  Dorset- 
shire is  of  interest  as  establishing  its  extension  more  westerly  than 
hitherto  recognized.  A  few  years  ago  Mr.  Jukes-Browne  called 
attention  (Geologioal  Magazine,  1891,  p.  456)  to  the  occurrence 
of  some  clays  and  sands  beneath  tbe  Gault  in  Dorsetshire,  which 
were  traced  for  a  distance  of  four  or  five  miles  between  Twyford 
and  Gbilde  Okeford,  and  determined  as  of  Lower  Greensand  or 
**  Vectian "  age.  The  stratigrapbical  particulars  given  of  tbese 
beds  appear  to  correspond  so  closely  with  tbose  observed  at  Okeford 
Fitzpaine  that  it  is  higbly  probable  tbey  refer  to  tbe  same  series 
of  deposits,  though,  as  no  palteontological  evidence  was  referred  to 
by  Mr.  Jukes-Browne,  it  must  remain  a  little  doubtful  until  a  future 
comparison  can  take  place  on  the  spot  Tbere  is,  of  course,  no 
reason  why  the  beds  on  tbe  eastern  side  of  tbe  Stour  valley  sbould 
not  be  continued  across  the  river  in  a  south-westerly  direction  to 
Okeford  Fitzpaine,  and  even  to  other  localities  further  on  that  are 
situated  near  the  junction  line  of  tbe  Eimeridge  with  the  Cretaceous 
rocks  (see  Geological  Survey  map  of  tbis  district,  No.  xviii). 

Opinions  were  long  divided  as  to  wbetber  the  Ac,  mammillatum 
zone  represented  tbe  top  of  tbe  Lower  Greensand  (Aptian)  or  tbe 
base  of  tbe  Gault  (Albian).  Tbe  latter  view  is  tbat  generally 
adopted  now,  on  account  of  so  many  species  passing  up  into  tbe  true 
Gault  series.      The  present  fossils  contain  only  two  forms  which 

*  I  am  greatly  indebted  to  Miss  Forbes  and  Miss  Lowndes  for  supplying  me  with 
the  details  of  tnis  section.  Unfortunately,  only  the  Hoplitea  inter ruptus  beds  are 
now  exposed,  the  lower  part  of  the  section  having  been  tilled  in. 

*  InAeid  and  Strahan's  "  Geology  of  the  Isle  of  Wight"  (Mem.  Geol.  Survey, 
1889,  p.  279),  Ac.  mammillatum  is  stated    to    have  been  found  in  the  Chloritic' 
Mtrl  of  Mottistone  Down,  which  is  probably  either  a  misdetermination  or  some 
Q^r  has  crept  in  as  to  the  horizon. 
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survived  to  later  times,  viz.  Pleuromya  pUeaia  and  Cttetillcea  earinala  ; 
tlie  other  species  are  not  known  in  a  higher  horizon  than  this  zone. 
Sbplites  Benettianus  appears  to  he  confined  to  it ;  whereas  Ostrea 
Leymeriei  and  JExogyra  sinuata,  having  heen  found  at  Atherfield  and 
in  the  upper  part  of  the  Speeton  Cliff,  eta,  would  date  their 
existence  from  the  Rhodanien  stage  of  the  Urgonian  (or  Barremian) 
epoch.  The  examples  of  Ostrea  Leymeriei  are  of  great  size,  one  of 
them  measuring  221*5  hj  180  millimetres,  being  in  excess  of  the 
largest  known  specimen  figured  by  Coquand  in  his  work  on  the 
**  Ostrea/'  1869,  pi.  Ixxi,  fig.  6,  which  measures  180  by  175  mm. 

(B)  The  Hoplites  interruptus  Zone. 

The  matrix  of  this  zone,  as  represented  at  Okeford  Fitzpaine,  is  . 
more  sandy  than  argillaceous,  and  full  of  minute  specks  of  mica ; 
in  these  characters,  as  well  as  in  its  dark-grey  colour,  it  bears 
a  strong  resemblance  to  what  obtains  in  the  Lower  Gault  beds  at 
Black  Yen,  near  Lyme  Regis — and  Lima  paraUela  appears  to  be 
equally  abundant  at  both  localities. 

As  this  is  the  first  record  of  Gault  fossils  from  this  part  of  Dorset- 
shire, the  following  list  of  species  recently  oollected  by  Miss  Forbes 
and  Miss  Lowndes  will,  it  is  hoped,  be  of  special  interest : — 

PISCES. 

Lamma  appendieulata^  Agaasiz,  ep. 
8yn9ehodu8y  sp. 

CEPHALOPODA. 

Hamitet^  pp. 

HopliteM  interruptuty  Brugni^re,  sp. 
Hoplitet  apUndenSf  J.  Sowerby,  sp. 
NautUut  Cletnentmus,  Orbigny. 

GASTEROPODA. 

Aetaon  Dupiniatiay  Orbigny  (allied  to). 
Anehura  earinata^  Mantell,  sp. 
Avellana  w/latay  J.  de  C.  fcJowerby. 
Natiea  Oaultinay  Orbigny. 
Seata  Dupinianay  Orbigny. 
Solarium  omatutny  J.  de  C.  Sowerby. 

LAMELLIBRANCHIATA. 

CueuUnM  earinatay  J.  Sowerby,  sp. 
Eniolium  orbicu/arey  J.  Sowerby,  sp. 
GervUlia  solerwicUt^  Def ranee. 
Jnoeeramus  concentrieuSy  Parkinson. 
Lima  paralUftty  J.  Sowerby,  sp. 
Mytilus  iubtimpltXy  Orbigny  (allied  to). 
Nucula peetinatay  J.  Sowerby. 
OMtrea  eanaliculatay  J.  Sowerby,  sp. 
PeeteUy  sp. 

Fleuromya  pHcatay  J.  de  C.  Sowerby. 
SfiUti  LupiiiianuMy  Orbigny. 
Thraeia  nmpleXy  Orbigny,  sp. 
Trigonia  atteformisy  Parkinson. 
Trtgonia  Archiaeiana,  Orbigny. 
Trigonia  Filtoni  (Deshayes),  Leymerie. 


Smi.  Xao.    1806. 


Decade  IV.  Vul.  Ill,  PL  VUI. 


CHARLES   WACHSMUTH. 

1829-1896. 


[S«  Obituary,  Geol.   Mac,  p.  189,  April.   1896.] 
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ANNELIDA. 
Serpula  antiquatOf  J.  de  G.  Sowerby. 

PLANT-E. 
Coniferous  wood. 

In  oonolasion,  the  author  desires  to  thank  Mr.  G.  C.  Crick,  F.Q.S., 
for  his  assistanoe  in  determining  the  Cephalopods  referred  to  in  this 
paper.  Mention  should  also  be  made  of  the  fact  that  the  fossils 
enumerated  from  these  Cretaceous  zones  are  the  property  of  Miss 
Lowndes,  but  she  has  generously  consented  to  give  a  selection  of 
them  to  the  Greological  Department  of  the  British  Museum  (Natural 
History) y  Cromwell  Road. 

nL  —  NoTsd    ON    THE   <' Pleistocene   Beds"   of   the   Maltese 

Islands. 

By  John  H.  Cookb,  F.G.S.,  F.L.S. 

IN  August^  1891,  I  published  in  the  Geological  Magazine  the 
results  of  my  work  on  the  Pleistocene  beds  of  Gozo.^  Since 
then  I  have  made  a  careful  and  systematic  survey  of  the  islands, 
and  have  discovered  and  traced  out  several  important  beds  that  had 
escaped  the  notice  of  those  who  had  preceded  me  in  working  out 
the  islands'  geology.  In  the  following  **  notes "  I  have  briefly 
summarized  the  results  in  the  hope  that  they  may  be  of  use,  not 
only  to  other  students  of  the  geology  of  the  district,  but  also  to  the 
agriculturist,  who,  by  drawing  on  the  resources  that  they  offer,  may 
bring  into  cultivation  much  of  that  portion  of  the  western  parts  of 
the  islands  which  from  its  supposed  dearth  of  soil  has  hitherto  been 
looked  upon  as  uncultivable.  I  have  elsewhere  described  this 
district  and  its  capabilities;  there  is,  therefore,  no  need  for  me  to 
enlarge  upon  that  part  of  the  subject  here.' 

St  Paid' a  Bay  Deposits. — The  valley  at  the  head  of  St.  Paul's 
Bay  known  as  Uied  tal  Puales,  as  well  as  the  slopes  that  bound 
the  bay  itself,  are  covered  with  superficial  deposits  of  varying  ages 
and  characters.  They  comprise  calcareous  loams,  alluvial  soils, 
imperfectly  formed  limestones,  and  accumulations  of  limestone- 
agglomerates  and  breccias.  St.  Paul's  Bay  owes  its  origin  to 
a  depression  between  two  sets  of  parallel  faults,  the  faces  and 
faults  of  which  are  furrowed  with  small  valleys  and  gullies. 
The  flood  waters  from  these  tributaries  have  largely  assisted  in 
filling  up  the  inequalities  of  the  depressed  area  with  the  detrital 
products  of  the  surrounding  plateaux ;  and  the  alluvium  which 
has  been  thus  spread  over  has,  in  many  parts,  a  thickness  of 
from  15  to  20  feet.  Besides  these  accumulations  of  residual 
materials  the  slopes  of  the  valley  sides  are,  in  places,  lined  with 
alternating   deposits  of   loam   and    rock-fragments   capped  with  a 

oorapact  layer  of  limestone  of  a  greyish  colour. 

*  "Notes  on  the  Pleistocene  Beds  of  Gozo  "  :  Geol.  Mao.,  Aup^.  1891.  p.  348. 
'  J.  H.  Cooke,  **0n  the  Cultivation  of  A^ava  riffUia  in  Malta"  :  Med.  Nat., 
A'oB.  26  and  27,  1894. 
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The  loams  are  aimilar  to  those  which  oocur  in  most  of  the 
plateau  valleys  of  the  islands.  They  are  very  homogeneous  in 
texture,  and  are  somewhat  inooherent  They  exhibit  no  signs  of 
stratification,  but  lines  of  bedding  are  strongly  marked.  Both 
these,  and  the  underlying  layer  of  compact  rock,  contain  consider- 
able quantities  of  land-shells,  comprising  Helix  asperaa,  H.  Melitenais, 
H.  vermicularis,  Clausilia  bidens,  Bumina  decoUata,  Cyelostoma  Melu 
tensia,  and  Clausilia  sulcatum ;  but  no  mammalian  or  other  remains 
are  present.  On  the  southern  slopes,  near  the  head  of  the  bay  and 
in  the  valley  which  debouches  on  Ghain  tal  Bazul,  numerous 
interesting  sections  are  to  be  seen.  On  the  south-eastern  shore, 
between  the  main  road  and  the  old  church,  there  is  an  extensive 
bed  of  grey,  calcareous  loam,  capped  with  a  layer  of  fine  sand  and 
mt.  Like  the  valley  deposits  it  contains  enormous  quantities  of 
land-shells,  but  all  of  them  are  broken  and  beyond  identification. 

The  deposit  is  distinctly  stratified,  and  it  averages  five  feet  in 
thickness.  The  most  interesting  of  the  beds  that  occur  in  this 
locality  are  the  limestone  agglomerates  which  fringe  the  shore-line.^ 
These  agglomerates  admit  of  being  divided  into  two  classes,  one  of 
which  is  more  ancient  than  the  other;  the  older  of  the  two  is  to 
be  seen  along  the  shore,  extending  from  the  tower  to  the  dififs 
below  Selmone  Castle.  Along  the  southern  shore  of  the  bay  it 
lies  unconformably  on  a  considerable  area  of  Upper  Coralline  Lime- 
stone, which  has  been  depressed  beneath  the  sea-level  by  a  secondary 
fault.  This  depressed  area  extends  from  Cala  tal  G-gazenin  to 
Qhain  tal  Razul ;  and  the  agglomerates  cover  it  for  a  distance  of 
about  two  hundred  yards,  and  fill  all  of  its  fissures  and  surface 
extravasations.  The  creek  of  G-gazenin  is  bounded  on  the  south- 
west by  a  narrow  promontory  which  disappears  beneath  the  waters 
of  the  sea  in  an  easterly  direction,  and  reappears  at  a  distance  of 
twenty  yards  as  two  small  outliers.  Both  the  surfaces  of  the  pro-^ 
montory  and  of  the  outliers  are  covered  with  the  agglomerates. 
The  rock  upon  which  these  beds  now  rest  had  been  much  eroded  into 
fissures  and  pot-holes,  prior  to  the  deposition  of  the  agglomerates, 
but  all  of  these  irregularities  are  now  filled  with  the  Pleistocene 
materials.  In  places  a  layer  of  stalagmite  of  from  one  to  two  inches 
in  thickness  serves  as  a  line  of  demarcation  between  the  beds.  The 
agglomerates  consist  of  a  mass  of  angular,  subangular,  and  rounded 
rock -fragments,  all  of  which  have  apparently  been  derived  from  the 
Upper  Coralline  formation.  They  are  promiscuously  intermingled, 
and  are  embedded  in  an  exceedingly  compact,  calcareous  and  ferru- 
ginous earth  of  a  deep  red  colour.  Small  veins  of  calcite  traverse 
the  rock  in  all  directions,  and  the  sections  are  pitted  with  minute 
borings  the  interiors  of  which  are  lined  with  crystals  of  calcite. 

1  he  bedding  planes  are  distinctly  marked,  but  evidences  of  stratifi- 
cation are  not  so  apparent.  The  bed  is  so  compact  that  it  is  only 
with  difficulty  that  specimens  can  be  detached  from  it.  Some  idea 
of  its  compactness  and  durability  may  be  obtained  from  the  fact 

^  PhotographH  of  these,  and  of  most  of  the  other  beds  that  are  referred  to  in  these 
notes,  may  be  seen  in  the  Library  of  the  Geological  Society  of  London. 


J.  R.  Cooke^The  Pleistocene  Beds  of  Malta. 


203 


tliat  it  18  at  all  times  being  battered  by  the  Mediterranean  waters, 
bat  thoogb  blooks  of  the  underljing  limestone  have  been  broken 
off  and  hurled  by  the  storm-waves  to  considerable  distances,  the 
agglomerates  have  been  but  little  affected.     The  thickness  of  the 
deposit  averages  about  four  feet      I  have  made  many  careful  ex- 
aminations of  the  bed,  but  the  only  trace  of  organic  remains  that 
I  could  find  was  a  portion  of  a  bone  of  some  mammal  which  I 
detached  from  a  mass  of  the.  agglomerate  which  lay  on  the  shore-line 
immediately  below  the  Scicluna  Palace.      Similar  deposits  are  to 
be  seen  at  the  head  of  the  bay  and  on  the  shore-line  of  the  Melleha 
road.     Below  Ghain  tal  Razul  there  is  another  and  more  recent 
accumulation  of  a  similar  character  which  averages  about  16  feet 
in  thickness.      It  lies  on  the  shore- line  at  the  mouth  of  the  Razul 
valley,  and  unconformably  on  the  Globigerina  Limestone.     Unlike 
its  more  ancient  prototype  it  consists  of  several  distinct  beds. 
a.  The  base  is  composed  of  silt  and  fine  gravel,  intermixed  with 
a  few  pebbles  of  Olobigerina  Limestone  of  varying  sizes 
and  shapes. 
h.  Above  this  is  a  layer  of  about  15  feet  in  thickness,  consisting 
of  subangular  and  rounded  masses  of  the  Upper  Coralline 
Limestone  and  of  the  Globigerina  Limestone  indiscriminately 
heaped  together  and  embedded  in  a  loose  red  earth. 

The  deposit  is  roughly  stratified,  and  it  is  quite  un fossil iferous. 
On  the  old  Melleha  road  the  plateau  slopes  are  covered  with  con- 
siderable quantities  of  the  brecciated  loams. 

The  Hamrun  Beds, — These  deposits  lie  on  the  summit  and  along 
the  sides  of  an  elevated  ridge  of  the  Globigerina  Limestone,  which 
lies  between  the  Marsa  plain  and  the  Marsamuscetto  harbour.  The 
ridge  forms  the  eastern  boundary  of  the  Marsa  plain,  and  rises  from 
it  with  a  gradual  ascent  It  lies  immediately  opposite  to  the  mouth 
of  the  gorge,  Uied  Ebir,  and  in  a  line  with  Uied  Curmi.  These 
two  gorges  form  the  main  drainage  channels  of  the  most  extensive 
catchment  basin  in  Malta. 

The  height  of  the  summit  of  the  ridge  above  the  Marsa  plain 
varies,  the  outline  being  undulatory,  and  it  has  a  gradual  decline 
toward  the  head  of  the  Grand  Harbour;  but  the  average  of  the 
highest  points  is  about  forty  feet 


ga  ;  If  will 


A  few  years  ago  the  whole  of  the  summit  of  the  ridge  was  laid 
ont  in  fields,  bnt  latterly  house-building  has  progressed  so  rapidly 
that  the  area  has  now  been  converted  into  a  densely  populated 
Buhurb  of  Valletta.  It  was  whilst  the  drainage  system  of  the 
neighbourhood  was  in  process  of  construction,  and  the  new  streets 
wers  being  laid  out,  that  my  attention  was  first  called  to  the 
occurrence  of  these  agglomerates,  with  the  molars  of  Hippopotami 
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Pentiandi  embedded  in  them.  The  section  which  was  exposed  when 
trenching  for  the  laying  of  water-pipes  in  Strada  St.  Giuseppe  is  of 
a  very  interesting  character.  The  following  is  the  order  in  which 
the  layers  occurred : — 

a.  Alluvial  soil.     One  foot  in  thickness. 

b.  A  whitish,  highly  calcareous  loam;  very  homogeneous,  and  ap- 

parently structureless ;  plastic  and  tenacious  when  wet,  but 
incoherent  when  dry.  It  contains  a  few  small  fragments  of 
decomposing  limestone  and  numerous  land-shells  in  a  good 
state  of  preservation.     Two  feet  in  thickness. 

e.  A  rich  alluvial  soil  of  a  reddish  colour.  It  is  similar  in  its 
general  characters  to  layer  b,  into  which  it  merges  by  almost 
imperceptible  gradations.  One  specimen  of  Helix  pisana  was 
found.     The  bed  is  about  two  feet  in  thickness. 

d.  A  layer  of  angular  fragments  of  Lower  Coralline  Limestone, 
together  with  some  decomposing  fragments  of  Olobigerina 
Limestone.  The  matrix  consists  of  a  reddish  clay  nine  inches 
in  thickness. 

€.  Layer  d  giudually  changes  in  its  character  towards  its  base  until 
it  passes  into  a  typical  conglomerate  consisting  of  rounded 
pebbles  and  fragments  of  bones  and  molars  of  Hippopotami 
Pentiandi.  The  bed  was  so  compact  that  it  was  only  with 
the  greatest  difficulty  that  the  workmen  were  able  to  cut 
through  it 

I  was  not  able  to  ascertain  the  acreage  over  which  the  bed 
extended,  as  the  trench  was  but  2^  feet  wide.  It  extended  through- 
out the  length  of  the  trench,  a  distance  of  210  feet,  and  the  average 
thickness  was  7f  feet. 

The  layer  of  conglomerate  was  lenticular  in  shape,  thinning  out 
in  a  south-east  and  a  north-west  direction.  Its  longer  axis  was  at 
right  angles  to  the  mouth  of  the  Ebir  gorge,  from  which  it  seemed 
evident  that  the  materials  had  been  laid  down  at  one  extremity  of 
the  *'  cone  of  dispersion  "  which  had  been  formed  on  the  plain  by 
the  drainage  waters  of  the  gorge. 

The  width  of  the  bed  is  not,  however,  very  great,  as  in  many 
of  the  sections  which  were  exposed  in  the  cess-pit  and  well-cuttings 
in  the  vicinity  no  trace  of  the  conglomerate  could  be  found. 

The  overlying  beds  extend  for  a  considerable  distance  in  all 
directions.  The  thickness  of  these  layers  varies  considerably.  They 
often  assume  a  lenticular  shape,  and  have  their  thin  ends  dovetailed 
the  one  into  the  other. 

In  a  cutting  which  was  made  about  Qfteen  yards  to  the  north  of 
the  tower  in  Strada  St  Giuseppe  the  following  beds  were  exposed : — 

a.  Alluvial  soil.     One  foot  in  thickness. 

b.  An  orange-coloured  loam,  unstratiiied,  and  containing  an  abundance 

of  fossil  land-shells.     One  foot  six  inches  in  thickness. 

c.  An  evenly  bedded,  slightly  indurated  limestone,  which  thinned 

out  in  a  north-westerly  direction.  It  was  one  foot  six  inches 
in  thickness,  and  passed  imperceptibly  into 
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(L  A  li|[^ht-grey  loamy  earth,  struotureless  and  slightly  indurated. 
It  oontaiued  a  few  decomposed  fragments  of  limestone,  and 
two  specimens  of  Helix  pisana.    Three  feet  in  thickness. 

e,  A  layer  of  subangular  fragments  of  the  Lower  Limestone,  de- 
composing fragments  of  Glohigerina  Limestone,  and  a  few 
pieces  of  flint.  All  of  the  fragments  lay  with  their  flattened 
sides  in  a  horizontal  direction.     Eight  inches  thick. 

Layers  b  and  d  are  very  calcareous,  and  slightly  plastic.  They 
are  known  among  the  native  workmen  hy  the  name  of  "torba," 
a  kind  of  clayey  earth  which  is  used  for  making  the  roofs  of  houses 
damp-proof. 

All  of  the  layers  are  very  homogeneous,  and  with  the  exception 
of  e,  and  e,  none  of  them  present  any  evidences  of  structure.  Land- 
shells  (Helix  ptaana)  in  an  entire  and  a  broken  condition  occur  at 
intervals ;  but  besides  these  no  other  organic  remains  were  met  with. 
Layers  b,  c,  and  d,  passed  imperceptibly  the  one  into  the  other ; 
but  Uie  surface  of  layer  6,  was  eroded  into  **  pipes,"  all  of  which 
were  filled  up  with  the  alluvium  of  the  layer  a.  Between  layer 
«,  and  the  underlying  rock  the  line  of  demarcation,  though  per- 
ceptible, was  not  strongly  marked  owing  to  the  decomposition  which 
the  surface  had  undergone. 

Numerous  other  sections  in  the  neighbourhood  were  also  examined, 
but  the  only  differences  consisted  in  the  varying  thicknesses  of  the 
layers,  and  in  the  total  absence  of  the  ossiferous  conglomerates. 

In  none  of  the  beds  can  it  be  said  that  the  lines  of  stratification 
were  of  a  very  pronounced  character.  In  this  respect  the  "  torba  " 
layers  were  puzzling ;  but  when  small  cubes  of  these  layers  were 
cut  out  they  readily  split  along  their  bedding  planes.  From  the 
character  and  situation  of  these  deposits,  it  seems  probable  that  they 
,  must  have  owed  their  origin  to  the  flood  waters  which  poured  down 
the  gorges  to  which  I  have  already  referred. 

The  traces  of  lamination  which  the  **  torba "  beds  exhibit  show 
that  the  periods  of  deposition  had  quiet  and  tranquil  phases,  just  as 
the  coarser  materials  and  the  huge  pot-hole  on  the  opposite  side  of 
the  hill,  in  the  garden  of  Villa  Frere,  demonstrate  that  they  had 
tumultuous  ones. 

The  Malah  Agglomerates, — The  surfaces  of  the  fault  terraces  at 
Malak  are  enveloped  with  extensive  accumulations  of  angular  and 
subangular  boulders  firmly  embedded  in  a  reddish-yellow  loam. 
These  accumulations  have  been  referred  to  by  Dr.  Leith  Adams,  but 
DO  attempt  was  made  to  classify  them.  They  admit  of  a  tripartite 
division. 

A.  Yellowish  clays  containing  small  subangular  fragments  of  rock, 
but  without  any  evidences  of  organic  remains.  These  lie  at 
the  base  of  the  sea-cliffs  at  the  sea-level,  and  they  may  be 
traced  from  Ras-el-Hamra  to  Ras-el-Scuda.  They  lie  un- 
conformably  on  the  Upper  Coralline  Limestone,  which  in  this 
part  of  the  island  has  been  depressed  about  500  feet  by  the 
Malak  faults. 
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B.  A  talus  of  from  six  to  ten  feet  in  thickness,  consisting  of  angular 
and  sabangnlar  boulders  of  the  Lower  Coralline  Limestone. 
It  inclines  at  a  high  angle,  and  extends  down  the  slopes, 
overlapping  A,  to  the  water's  edge.  This  division  is  only 
found  between  Ras-el-Hamra  and  Uied-el-Mirhla.  Adams  ^ 
found  the  greater  portion  of  a  skull  of  Elephat  Falconeru 
I  have  found  no  organic  remains  here,  but  in  the  deposits  at 
the  same  horizon  which  lie  to  the  left  of  the  mouth  of  Uied- 
el-Mirhla  I  obtained  several  limb-bones,  including  a  portion 
of  a  humerus  of  Elephat  Mnaidra, 

0.  Higher  up  the  slopes  there  occurs  a  layer  of  angular  rock -frag- 
ments embedded  in  an  extremely  compact  calcareous  cement. 
It  is  persistent  all  along  the  fault  terrace,  and  averages  about 
two  feet  in  thickness.  In  places  it  overlaps  division  B,  and 
it  is  therefore  more  recent  than  either  of  the  other  layers. 
The  character  of  the  rock-fragments,  which  are  similar  to 
those  contained  in  divisions  A  and  B,  as  well  as  the  great 
compactness  of  the  deposit,  prove  that  it  must  be  of  con- 
siderable antiquity.  Land-shells,  chiefly  HeliceSf  in  a  broken 
condition  were  abundant ;  but  mammalian  remains  appeared 
to  be  absent 

Kammieh  and  MeUeha. — The  Pleistocene  beds  at  Kammieh  and 
Helleha  may  be  separated  into  two  well-marked  divisions,  the  lower 
of  which  differs  but  little  from  the  loam-breccias  that  line  the 
bottoms  of  the  slopes  of  the  valleys  in  other  parts  of  the  islands, 
while  the  upper  one,  though  possessing  certain  distinctive  characters 
of  its  own,  is  similar  in  many  respects  to  the  beds  at  Fom-ir-Rieh 
and  Hammar.  The  sections  which  are  exposed  between  Redum  ta 
Kassisu  and  Bedum  tal  Imgharka  on  the  north-western  side  of 
MeUeha  Bay,  along  the  coast  of  Ramla  ta  Ghumnia,  and  Ghain 
Zeituna  on  the  south-eastern  shore,  and  along  the  shore-line  of 
II  Ponta  tal  Circheuna  and  of  L'iscol  tal  Maifa  in  the  Kammieh 
peninsula,  show  that  all  of  the  deposits  in  these  regions  are  identical 
in  character.  The  deposit  at  L'iscol  tal  Marfa  is  typicaL  It  ex- 
hibited the  following  sequence  : — 

o.  A  series  of  layers  of  red  and  yellow,  compact  gritty  limestones, 
resting  unconformably  one  on  the  other.  The  materials  vary 
in  character,  being  sometimes  coarse  and  sometimes  fine. 
Tliey  abound  with  land-shells,  principally  Helices,  and  also 
with  a  stunted  brackish- water  form  of  Cerithium,  As  a  rule 
the  layers  exhibit  few  traces  of  structure,  but  where  the 
materials  are  the  coarsest,  evidences  of  irregular  bedding  and 
of  stratification  are  apparent. 

5.  Beneath  these  layers  and  passing  abruptly  but  conformably  into 
them  is  a  seam  of  subangular  and  of  rounded  pebbles,  of 
about  two  inches  in  thickness.  None  of  the  pebbles  exceed 
the  size  of  a  walnut,  and  the  majority  are  no  larger  than 

1  A.  L.  AdamB,  "The  Nile  Valley  and  Malta,"  p.  174.    Edinburgh. 
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a  small  nut  The  rock-fragments  lie  with  their  longer  axes 
parallel  to  the. bedding  planes  of  the  deposit,  and  the  shells 
are  intact,  thus  presenting  every  appearance  of  having  been 
formed  under  comparatively  quiet  conditions. 

It  is  not,  however,  persistent  throughout  all  of  the  deposits  in 

the  neighbourhood,  but  occurs  only  in  those  localities  where  the 

angle   of    the    slopes,   whence    the  materials   were    derived,    was 

a  moderate  one.     The  rock- fragments  have  been  derived  from  the 

Upper  Coralline  Limestones  in  the  vicinity.     Beneath  this  seam  lies 

another  bed  of  gritty  limestone,  which  is  similar  in  its  lithological 

aspects  to  the  upper  members  of  the  series.     The  materials  of  which 

it  is  composed   are   rounded,   and  they  are   so  compactly   bound 

together  that    freshly  fractured   surfaces   present  a   homogeneous 

appearance.   This  portion  of  the  bed  averages  three  feet  in  thickness, 

and   it  extends  along  the   shore   for  about  a  mile.      Helices  and 

a  minute  Ceriihium  are  extremely  abundant.      Spratt  has  noted  the 

occurrence  of  the  tests  and  spines  of  echinoderms  in  similar  deposits 

at  the  head  of  the  bay,  but  it  was  not  my  fortune  to  meet  with  any. 

This  series,  which  I  shall  call  the  Upper  series,  averages  about  ten 

feet  in  thickness. 

Beneath  this  is  the  lower  portion,  which  lies  unconformably  on 
a  bed  of  brecciated  loam,  consisting  of  a  heterogeneous  assortment 
of  pebbles  and  angular  fragments  of  limestone  disseminated  through- 
out the  mass.  The  loamy  matrix  is  made  up  of  finely  comminuted 
clayey  particles  intermixed  with  a  large  percentage  of  calcareous 
rock  powder,  and  an  appreciable  quantity  of  ferric  oxide.  Both  in 
its  composition  and  in  its  general  characters  the  bed  agrees  closely 
with  the  loam-bi:eccia8,  to  which  reference  has  already  been  made. 
It  averages  about  three  feet  in  thickness,  and,  as  it  forms  the  base- 
ment of  the  limestone  grits,  the  rapid  degradation  that  it  is  under- 
going is  causing  the  equally  rapid  destruction  of  the  beds  that 
overlie  it.  The  shore-line  is  therefore  strewn  with  huge  masses  of 
"grit,"  which  have  broken  away  from  the  main  upper  bed  in 
consequence  of  the  wearing  away  of  these  loamy  foundations.  The 
bed  contains  an  abundance  of  land-shells,  but  they  are  not  so  well 
preserved  as  in  the  upper  stratum. 

Besides  these  shore  deposits,  there  are  in  the  bottom  of  the 
depression  between  Eammieb  and  Melleha,  to  the  west  of  Torra 
Hamra,  and  along  the  summit  of  the  peninsula  of  TArasc,  con- 
siderable accumulations  of  loose  '*  grit,'*  the  products  of  the  degra- 
dation of  the  Pleistocene  beds  which  formerly  served  as  a  capping 
to  the  Upper  Coralline  Limestone  of  the  district.  Large  quantities 
of  it  have  been  scattered  by  wind  action  over  the  Kamniieh  isthmus  ; 
and  in  places,  where  the  surroundings  have  been  favourable,  it  has 
been  carried  down  the  slopes  on  the  northern  side  of  the  isthmus, 
and  has  been  formed  into  terraced  beds  which  are  very  similar  in 
character  to  the  *'  grits  "  around  the  shores  of  the  bay. 

The  adjoining  fault  terrace  in  Uied-tal-Mistra  is  likewise  covered 
with  some  interesting  deposits  of  Pleistocene  age.     Throughout  its 
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length  it  is  cloaked  with  indurated  loams  and  agglomerates,  which 
towards  the  centre  extend  across  the  valley  and  form  a  broad  flat 
plain  between  the  slopes.  In  several  places  on  the  northern  side 
these  accumulations  attain  a  thickness  of  from  10  to  15  feet,  but  the 
average  depth  is  four  feet  The  beds  are  analagous  in  character  to 
the  loams  in  the  Dueira,  II  Kala,  and  other  elevated  districts  of  the 
islands,  but  owing  to  the  difficulties  in  the  way  of  properly  irri- 
gating the  district  these  beds  have  not  been  much  disturbed  by  the 
agriculturist.  Near  Mizieb-ir-Rih  the  deposits  attain  a  considerable 
thickness,  and  where  they  have  been  broken  up  they  have  formed 
a  rich,  red,  fertile  soil.  They  consist  of  a  heterogeneous  assemblage 
of  rock-fragments  and  loam,  all  of  which  have  been  derived  from  the 
Miocene  beds  in  the  vicinity.  In  parts,  the  breccia  that  has  thus 
been  formed  is  so  indurated  that  it  has  been  cut  out  in  blocks  and 
utilized  by  the  husbandmen  for  the  building  of  walls  and  cattle- 
sheds.  The  beds  attain  their  greatest  thickness  in  the  bottom  of  the 
valley  near  Mizieb-ir-Rih  and  Hotriet-migdun,  but  as  the  slope  rises 
they  thin  out  and  disappear.  Land-shells,  fragmentary  and  entire, 
abound,  and  several  fragments  of  mammalian  bones  were  found, 
probably  Cervus.  Southward  equally  interesting  sections  are  to  be 
seen.  No  part  of  either  Malta  or  Gozo  exhibits  so  many  evidences 
of  stratal  disturbance  as  does  that  which  lies  between  Karraba  and 
Kammieh.  The  cliffs  are  fissured  in  all  directions,  and  considerable 
faults  have  been  formed.  In  the  centre  of  this  disturbed  region  is 
a  talus  of  red  loam  and  angular  and  subangular  debris  of  Upper 
Coralline  Limestone  origin,  which  extends  from  the  summit  of  the 
cliffs  to  the  sea-shore,  a  distance  of  between  250  and  800  feet.  It 
bears  a  striking  resemblance  to  the  elephant  beds  at  Malak,  but  the 
only  remains  that  I  could  discover  after  many  diligent  searches  were 
comminuted  fragments  of  Helices  and  other  land.-shells.  All  of 
the  plateau  valleys  exhibit  evidences  of  the  presence  of  similar 
beds.  It  will  therefore  be  sufficient  if  I  draw  attention  to  one 
which,  besides  being  noteworthy  in  many  details,  is  also  easy 
of  access. 

The  slopes  of  the  Imtarfa  plateaux  are  marked  by  deposits  which 
are  very  typical  of  the  superficial  beds  of  the  plateau  region.  They 
exhibit  the  following  sequence : — 

in. 

a.  Alluvial  soil 18 

6.  A  slightly  indurated  red  loam,  intermixed  with  subangular 

boulders .     24 

c.  Friable  loam  and  fine  gravel,  with  remains  of  broken  land- 
shells 24 

Besides  the  preceding  deposits,  which  I  have  described  as  being  the 
most  noteworthy  and  as  being  typical,  there  are  numerous  other 
localities  in  which  I  have  noted  patches  of  Pleistocene  beds.  All  of 
the  bays  on  the  eastern  and  south-eastern  coasts  of  the  island  have 
stratified  accumulations  of  loam  and  rock- fragments  lining  their 
slopes  and  higher  reaches.     To  the  north  of  Gala  di  St  TommasOy 
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a  patch  extending  over  an  area  of  one  and  a  half  square  miles  offers 
pome  exoellent  sections ;  and  between  Marsa  Scirocco  and  Deliinara 
Fort  there  are  extensive  beds  of  alluvial  material  lining  the  shores 
and  attaining  thicknesses  of  from  six  to  ten  feet. 

The  elephant  bed  in  the  Beuhisa  gap  has  been  described  in  detail 
by  Dr.  Lieith  Adams,  and  therefore  needs  no  further  remark  from 
me.  On  the  north-eastern  shore-line  there  are  several  interesting 
patches  deserving  of  notice. 

The  -valley  of  St.  Julians,  St.  George's  creek,  and  the  cliffs  at 
Sliema  and  Ghar-id-dud  are  lined  with  accumulations  of  roughly 
bedded  loams  and  angular  debris.  At  Sliema  these  accumulations 
assume  the  character  of  a  friable  ferruginous  loam  with  hard, 
calcareous,  concretionary  masses  interspersed  throughout;  or  as 
masses  of  agglomerate  made  up  of  rock- fragments  bound  together 
with  a  compact  ferruginous  cement  and  interstratified  with  stalagmitio 
layers  that  often  attain  a  foot  in  thickness. 

I  will  now  briefly  summarize  the  preceding  details.     The  beds 
may  be  grouped  in  three  classes — 

I.  The  valley  loams  and  breccias. 
II.  The  agglomerates  which  are  found  along  the  ooast-lines  and 

fault- terraces. 
III.  The  ossiferous  deposits  in  the  caves  and  fissures. 

The  cave  deposits  have  already  been  described  in  detail  by  the 
late  Dr.  Leith  Adams  and  myself.^  I  need  not,  therefore,  make  any 
further  reference  to  them  here.  The  valley  deposits  may  be  sub- 
divided into  the  residual  and  the  alluvial  beds,  which  are  found  on 
the  higher  slopes  of  the  plains  and  plateaux,  and  the  diluvial  deposits, 
which  cover  the  sides  and  beds  of  the  gorges  and  valleys.  Of  the 
former  of  these  subdivisions,  the  beds  at  Dueira,  Giurdan,  Gebel 
Ciantar,  Imtarfa,  Nadur,  Tal  Mistra,  and  Tal  Asiri  are  prominent 
examples.  The  structural  facies  of  these  beds  may  be  thus 
Bummed  up  : — 

1.  A  capping  of  indurated  limestone  made  up  of  the  finer  residual 

products  of  the  underlying  layer. 

2.  Unstratified  layers  of  angular  and  subangular  rock-fragments. 

The   rock- fragments    have   always   been   derived    from   the 
Miocene  formations  in  the  neighbourhood. 

3.  Thin  interstratified  layers  of  loam  and  stalagmite.     The  loams 

often  present  evidences  of  oblique  lamination. 

In  the  districts  where  the  angle  of  the  slope  is  not  a  high  one,  as 
at  Imtarfa  and  Tal  Mistra,  the  basement  layer  consists  of  a  homo- 
geneous, highly  calcareous  loam  ;  but  where  the  angle  of  the  8loi)e 
is  a  high  one  the  loam  is  intermixed  with  angular  fragments  of 
rocks,  and  it  assumes  a  roughly  stratified  appearance.     Where  the 

*  Adams,  Leith  A.  L.,  **  Maltese  Bone  Caves  '*  :  Geol.  Mao.,  Vol.  I,  p.  140. 

idem.  **  Fossil  Elephants  of  Malta  "  :  Gkol.  Mao.,  Vol.  II,  p.  448. 

idem,  "  Maltese  Fossiliferous  Caves  "  :  Rep.  Brit.  Assoc.  1886. 

idem,  *'  NUe  Valley  and  Malta.'*     Edinburgh,  1870. 

Coolw,  J.  H.,  "  The  Har  Dalam  Cavern,  Malta  "  :  Proc.  Boyal  Soc.,  vol.  liv,  1893. 
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intermixture  has  taken  place  in  about  equal  proportions  more  or  less 
distinct  traces  of  bedding  are  perceptible,  but  where  the  rock- 
fragments  or  the  loam  respectively  predominate  the  bed  exhibits 
no  definite  structure.  The  alluvial  beds  are  found  in  the  valleys 
that  have  long,  gentle  slopes.  These  deposits  are  very  uniform  in 
tlieir  nature  and  composition.  The  rock- fragments  that  enter  so 
largely  into  their  composition  are  small  in  size,  and  of  local  origin. 
They  are  most  numerous  in  the  middle  portions  of  the  deposits,  and 
are  generally  very  freely  distributed  in  the  divisions  that  are  situated 
above  the  middle  line.  These  beds  have  as  their  homologues  the 
alluvial  calcareous  earths  which  are  at  present  being  slowly  formed 
along  the  valley  terraces  by  the  action  of  rain-wash.  Both  are 
similar  in  composition,  and  both  are  devoid  of  structure.  The 
fossils  found  in  these  beds  consist  of  land-shells  in  a  very  com- 
minuted condition. 

At  Dueira,  Tal  Asiri,  Redum  Ah  mar,  Tal  Mistra,  and  San  Giorgio, 
fragments  of  the  limb-bones  of  ruminants  and  of  horn-cores  of  a 
species  of  Cervua  were  found  in  comparative  abundance.  It  is 
a  noticeable  fact  that  no  plant-remains  have  been  found  either  in 
these  or  in  any  of  the  other  superficial  beds  of  the  islands.  But  this 
is  to  be  expected  when  the  broken  condition  in  which  the  shells  and 
the  mammalian  remains  were  found  is  taken  into  consideration.  The 
maceration  and  the  rough  usage  which  the  plant-remains  must  have 
undergone,  would  have  effectually  destroyed  them  long  before  they 
could  have  been  deposited  with  the  other  materials.  And  even  if 
the  deposition  had  been  accomplished,  the  loose,  porous  nature  of  the 
beds  is  such  as  to  have  been  highly  favourable  to  their  rapid 
decomposition.  At  the  debouchures  of  all  of  the  larger  gorges 
plains  of  considerable  area  occur  consisting  of  stratified  deposits  of 
alluvial  material.  These  have  been  spread  out  in  a  fan-shaped  form, 
the  apex  of  the  cone  of  dispersion  being  the  mouth  of  the  gorge. 
In  none  of  these  alluvial  tracts  have  any  appreciable  changes  been 
effected  by  the  storm  rainfall  of  modern  times. 

Proceeding  now  to  a  consideration  of  the  agglomerates,  we  see 
that  they  possess  many  features  that  differentiate  them  from  the 
foregoing  beds.  They  are  always  found  lying  either  at  the  foot  of 
fault- terraces  or  along  the  lower  slopes  of  other  depressed  areas. 
And  they  are  either  submerged  or  lie  immediately  at  the  water-line. 
In  no  instance  have  any  of  them  been  found  in  the  plateaux.  They 
are  very  similar  in  composition  and  arrangement  in  every  part  of 
the  islands.  The  materials  are  of  local  origin,  and  consist  of 
rounded  and  suhnngular  boulders,  pebbles,  and  grit.  Land-shells 
are  abundant,  and  at  Benbisa  and  Malak  numerous  remains  of 
Elephas  Falconeri,  E.  Mnaidra,  and  Hippopotamua  Pentlandi  were 
found.  At  Dueira  and  Tal  Asiri  the  bones  and  horn-cores  of 
Cervus  sp.  ?  were  abundant,  and  at  Hamrun  the  teeth  and  bones 
of  Hippopotamus  Pentlandi  were  very  numerous. 
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lY. — ^Thb  Altxbed  Clastio  Rooks  of  the  Southern  Highlands, 

THEIR  Structure  and  Suooession. 

By    Pbtbr    Macnair. 
(Continued  from  the  April  Number y  page  174.) 

YIII.  The  Upper  Arenaorous  Zone. 

I  HAVE  not  been  able  to  trace  the  exact  relationships  of  this  zone, 
with  its  bands  of  limestone,  to  those  already  given,  as  underlying  it. 
Certain  grits  and  quart zites  occurring  on  the  top  of  the  Ben  Lawers 
ridge  may  possibly  belong  to  it,  and  it  is  certain  that  many  of  the 
quartzites  and  grits  of  Glenlyon,  Blair  Athole,  and  Ben  T  Ghloe 
belong  to  a  horizon  higher  than  the  upper  argillaceous  series  just 
described.  Leaving  the  matter  thus  in  the  meantime,  until  further 
research  shall  explain  their  true  relationship,  It  is  certain  that  an 
arenaceous  band  of  grits  and  quartzites  succeeds  the  sericite  and 
graphite  schists  of  the  upper  argillaceous  zone,  thus  completing  the 
whole  cycle  of  deposits,  though  no  evidence  has  yet  been  forthcoming 
to  show  what  or  where  the  top  of  this  series  may  be. 
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Fio.  1. — Section  across  Ben  Lawers  to  Crieff, 

a.  Upper  Arenaceous  Zone.  d.  l.och  Tay  Limestone  Zone. 

b.  Upper  Argillaceous  Zone.  e.  Lower  Arenaceous  Zone. 
V.  Band  of  Graphite  Schist.  f.  Lower  Argillaceous  Zone. 

c.  Middle  Arenaceous  Zone. 

IX.    Section  across  Bbn  Lawers  to  Cbteff. 

Passing  now  to  a  consideration  of  these  8ectionR  seen  in  Highland 
Perthshire,  from  which  we  have  principally  been  enabled  to  deter- 
mine the  general  succession  and  character  of  the  rocks  forming  the 
Southern  Highlands,  the  first  section  we  propose  to  describe  is  that 
from  the  top  of  Ben  Lawers,  across  Loch  Tay,  through  Meal  Na 
Creig,  and  down  Glen  TuiTet,  as  given  above.  This  section  shows 
in  descending  order  the  whole  of  the  zones  described.  On  the 
north-west  side  of  Ben  Lawers,  and  beside  the  footpath  which  leads 
over  from  Loch  Tay  to  Glenlyon,  a  quarry  has  been  opened  in  the 
graphitic  schist  beds  that  form  the  uppermost  member  of  our  upper 
argillaceous  zone.  The  graphitic  schist  is  here  highly  carbonaceous 
and  finely  foliated,  having  evidently  undergone  an  extreme  amount 
of  alteration,  and  lying  at  high  angles,  with  a  dip  towards  the 
north-weet.     This  bed  is  shown  in  the  section  at  the  top  of  the 
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upper  argillaceous  series  marked  h.  In  the  seotion  accompanying 
his  map  of  Scotland,  Sir  A.  G^ikie  shows  the  upper  arenaceous 
series  as  also  being  seen  on  the  sharp  folds  of  the  upper  Ben 
Lawers  strata,  but  this  I  have  not  been  able  to  satisfactorily  deter- 
mine. Passing  now  to  the  south-east  over  the  crest  of  the  mountain, 
we  come  upon  the  serioite  schist  with  its  bands  of  quartzite,  the 
lower  member  of  our  upper  argillaceous  series.  TLis  rock  I  have 
already  described.  It  forms  the  whole  of  the  top  of  Ben  Lawers, 
where  some  very  fine  sections  showing  its  extreme  corrugation  may 
be  seen,  the  precipice  on  the  south-west  front  being  specially  worthy 
of  notice.  It  will  be  seen  from  the  section  that  the  whole  of  these 
beds  dip  to  the  north-west  at  greatly  varying  angles.  Proceeding 
down  the  south  side  of  the  hill,  this  rock  may  be  traced  for  a  con- 
siderable distance,  when  it  passes  into  the  mica-schists  and  quartz- 
schists  of  the  middle  arenaceous  group.  At  it«  base,  and  intercalated 
amongst  the  latter  rocks,  we  come  upon  the  Loch  Tay  limestone 
zone,  which  passes  underneath  the  mountain  with  a  north-west  dip. 
Traced  eastwards,  it  is  seen  to  be  cut  off  by  a  powerful  fault  at 
Fernan  ;  and  westwards  it  is  found  to  enter  Glen  Dochert  at  Eillin. 
The  limestone  here  is  similar  to  what  we  have  already  described, 
the  two  principal  kinds  being  the  pure  limestone  and  its  argillaceous 
or  micaceous  variety.  Crossing  the  loch,  the  bottom  of  the  latter  is 
seen  to  be  formed  by  the  members  of  the  middle  arenaceous  zone, 
underlying  the  Loch  Tay  limestone.  On  crossing  to  the  south  side 
of  the  loch,  the  structure  and  succession  of  the  rocks  is  here  made 
somewhat  complex  by  the  presence  of  the  powerful  fault  already 
mentioned,  which  has  been  carefully  traced  by  the  officera  of  the 
Geological  Survey.  The  fault  enters  the  loch  to  the  east  of 
Ardeonaig,  crossing  and  emerging  again  on  the  north  side  at  Fernan. 
In  the  Ardeonaig  limestone  quarry,  near  Dall,  the  limestone  is  again 
met  with  at  a  slight  level  above  the  loch.  This  is  shown  on  the 
section  immediately  to  the  north  of  the  fault  From  this  point  the 
limestone  runs  westwards  to  the  head  of  Glen  Ogle,  and  southwards 
down  Glen  Beioh  towards  Loch  Earn.  The  downthrow  side  of  the 
fault  is  to  the  north-west,  so  that  in  following  the  section  further 
south,  an  outlier  of  the  Loch  Tay  limestone  zone  is  met  with  on  Meal 
Na  Creig.  Capping  that  mountain,  and  occupying  the  position  as 
shown  on  the  section,  passing  over  the  crest  of  the  mountain  and 
descending  its  southern  side,  we  again  cross  the  lower  members  of 
the  middle  arenaceous  zone,  with  their  characteristic  mica  and  quartz 
schists.  Still  further  to  the  south  of  the  section,  the  latter  rooks  are 
seen  to  merge  downwards  in  Glen  Turret  into  the  pebbly  grits, 
grey  wackes,  and  quartzites  of  the  lower  arenaceous  zone,  which  in 
turn  are  succeeded  by  a  narrow  band  of  clay- slates  belonging  to  the 
lower  argillaceous  zone. 

X.  Section  across  Craiq  Na  Challrich  to  Loch  Eabn. 

Passing  now  to  another  section,  about  eight  miles  to  the  west 
of  that  already  given,  and  extending  from  Craig  Na  Challeioh  abore 
KiUin  to  the  south  side  of  Loch  Earn,  we  find  in  it  a  aimilar 


of  the  Scottish  Highland!.  213 

■ncoession,  though  somewhat  different  in  struoture  from  that  in  the 
Ben  li&vrers  Motion.  Ilie  sericite  Roliiet  of  the  upper  argillaceoiis 
lODB  ia  the  higlieat  bed  seen  on  this  mountain,  being  very  well 
eipoeed  id  the  bold  esoarpment  of  rock  forming  ita  eummit.  Tliig 
Bection  of  the  upper  argillaceous  series  ia  an  esoeedinglj  interexting 
one:  beaides  being  well  seen  in  the  escarpment  of  the  hill,  it  is 
ileo  finely  exposed  in  the  beds  of  two  atreams  that  descend  from 
the  broken  ridge  of  the  oorrie.  From  tbe  summit,  which  ia 
2.999  feet  above  sea-level,  down  to  about  the  2,000  ft.  contour-litie. 
tlie  mountain  is  almost  entirely  composed  of  a  great  seriea  of  bt-ds 
of  finely  foliated  sericite  schist  with  intercalated  beds  of  quartzite 
sad  greywaoke.  The  sericite  schist  of  this  zone  I  have  already 
ducribed ;   the  qnartzites  and  greywaokee  may  be  further  noticed. 


Fio.  !.— SectioD  tUTOss  Craig  Xa  Chall^ich  to  Loch  Ears. 

b.  Upper  ArgiUaceous  Zoue.  d.  Loch  Ta;  UmesluD?  Zone. 

c.  Middle  Arenaceous  Zone.  e.   Lower  Arenaceous  Zone. 

Tbe  qnsrtzites  are  of  an  exceedingly  fine  texture,  having  been 
highly  indurated,  and  are  plentifully  charged  with  iron  pyrites. 
The  g^ywackes  are  also  of  an  exceedingly  fine  character,  and 
ihow  some  beautiful  examples  of  lamination.  The  usual  colour 
it  a  dark  greyish  hue,  the  laminea  or  banding  being  of  a  lighter 
iliade  of  the  same  colour.  It  is  in  these  bands  of  greywackes 
the  author  found  tracea  of  annelid  tubes  already  cited.  These 
■Qnelid  tubes  have  undoubtedly  originally  been  of  the  ordinary  type, 
beisg  simply  cylindrical  tubes  of  aatid  differentiated  out  from  tlie 
inrronnding  matrix,  and  paeaed  through  the  body  of  the  worm. 
Bat  DOW,  owing  to  the  shearing  and  melamorphlsm  of  the  rock,  they 
have  been  deformed  into  ovates,  the  substance  of  which  is  generally 
lighter  in  colour  than  the  surrounding  rock.  On  weathered  eurfacea 
these  ovates  present  all  the  characteristics  of  tbe  annelid  tubes  of 
the  north -weet  of  Sntherlandsbire,  at  times  the  material  composing 
the  ovates  being  weathered  out,  and  showing  on  the  aorface  of  the 
beds  a  series  of  cylindrical  holes  similar  in  every  respect  to  the 
noDth  of  an  unaltered  burrow  ;  at  other  times,  the  matter  composing 
the  ovate  being  of  a  harder  texture  than  the  surrounding  rock,  they 
Mand  up  in  buttoua  like  the  nails  in  a  workman's  boot.  Seen  in 
wction  these  buirows  have  all  been  more  or  leaa  deformed  from 
their  original  oylindrical   form,    the   whole  of  them   having  been 
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drawn  out  into  ovates,  and  in  the  case  of  extreme  sliearing  have 
been  reduced  to  a  mere  line  or  streak.  Seen  under  the  microsoope, 
these  greywackes  present  a  finely  fragmental  structure  with 
occasional  crystals  of  felspar  disseminated  throuj^h  the  mass. 
Passing  down  the  mountain-side,  we  cross  the  middle  arenaceous 
group,  which  as  usual  is  composed  of  massive  beds  of  quartz-schist, 
often  becoming  highly  garnetiferous.  Near  the  level  of  the  road  which 
passes  along  the  north  side  of  Loch  l^ay,  we  come  upon  the  Loch 
Tay  limestone  zone,  with  its  massive  beds  of  limestone  and 
calcareous  mica-schist ;  followed  eastwards  it  is  found  to  pass  under 
the  base  of  the  Ben  Lawei*s  group ;  westwards  it  skirts  the  base  of 
Sron  Clachan  in  a  bold  escarpment,  and  thence  stretches  to  the  west 
through  Glen  Dochert.  The  sill  of  altered  basic  rocks  upon  which 
the  limestone  rests  may  be  well  seen  on  the  road  leading  to  Kill  in 
Pier.  Here  the  limestone  is  shown  resting  immediately  upon  the 
sheared  basic  rock,  and  evidence  of  the  extreme  alteration  of  the 
limestone  is  to  be  found  in  the  hardened  bands  of  that  rock  found 
running  along  the  lines  of  contact.  It  is  not  our  intention  here, 
however,  to  enter  into  a  detailed  description  of  these  associated 
igneous  rocks,  but  merely  to  mention  their  occurrence  in  connection 
with  the  clastic  series. 

Following  the  line  of  section  and  crossing  the  head  of  Loch  Tay, 
the  lower  members  of  the  middle  arenaceous  group  are  exposed,  lying 
below  the  limestone  zone,  and  folded  over  in  an  anticlinal  axis. 
They  are  well  seen  at  the  falls  of  Dochert  near  the  head  of  the  village 
of  Eillin,  where  they  are  still  found  dipping  to  the  north-west 
Passing  up  the  bum  at  the  back  of  Auchmore  House,  the  quartz- 
schists  are  found  to  become  flatter  and  flatter  till  they  roll  over  and 
dip  to  the  south-east  Near  the  base  of  Ben  Leathan  and  at  the  head 
of  the  bum,  we  again  come  upon  the  Loch  Tay  limestone  zone,  now 
dipping  to  the  Bouth-east  at  a  very  gentle  angle,  and  capped  to  the 
top  of  Ben  Leathan  with  the  upper  members  of  the  middle  arenaceous 
group.  A  transverse  section  ot  the  latter  mountain  is  well  exposed  in 
the  deep  pass  of  Glen  Ogle ;  all  the  beds  seen  on  the  higher  sides 
of  that  glen  to  the  top  of  Ben  Leathan  belong  to  tlie  upper  members 
of  the  middle  arenaceous  zone,  and  are  mainly,  as  usual,  composed  of 
massive  beds  of  quartz-schists,  with  occasional  bands  of  grit  and 
conglomerate.  From  the  head  of  the  Auchmore  burn  to  the  old 
Killin  junction  at  the  head  of  Glen  Ogle,  the  Loch  Tay  limestone 
skirts  the  base  of  Ben  Leathan ;  down  Glen  Ogle  the  quartz-schists 
and  limestone  are  seen  to  undulale  gently  to  the  south-east,  the 
latter  being  well  exposed  in  the  quarry  at  Dalveioh  on  the  northern 
shore  of  Loch  Earn.  In  Glen  Ogle  several  very  fine  sections 
of  the  limestone  resting  upon  the  sheared  basic  rocks  are  to  be 
s(^en  ;  one,  in  particular,  about  a  quarter  of  a  mile  north  of  the  Glen 
Ogle  toll-house,  exhibits  all  the  phenomena  before  described  as  seen 
on  Loch  Tay  at  Eillin  Pier.  On  the  south  side  of  Loch  Earn,  the 
massive  beds  of  grit  and  conglomerate  belonging  to  the  lower 
arenaceous  group  are  well  seen  on  the  sides  of  Ben  Vorlioh,  where 
our  section  is  supposed  to  terminate. 
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XL   S£OTION    ACROSS   THE   PaSS   OF   LbNY. 

The  next  seotion  we  propose  to  describe  is  one  through  the  Pass 
of  Leny  to  the  north  of  Callander,  which  is  a  particularly  favourable 
one  for  the  study  of  the  lower  argillaceous  and  lower  arenaceous 
zones.  The  lowest  rock  seen  in  this  section  is  our  lower  argillaceous 
SDQe,  which   runs  up  immediately  to   the  north  of  the  Old  Ked 


o^ 


Fio.  3. — Section  across  the  Pass  of  Leny. 

e.  Lower  Arenaceous  Zone. 

f.  Lower  Argillaceous  Zone. 

g.  Leny  Limestone. 

Sandstone  'with  an  average  dip  of  about  50°  to  the  north-west. 
It  is  mainly  composed  of  fine  greywack«.*s,  with  beds  of  clay-slates, 
and  black  graphitic  schists,  and  is  well  seen  in  the  lower  gorge  of  the 
Pass  of  Leny,  both  in  the  bed  of  the  river  and  in  cuttings  along  the 
ruad.  One  of  the  most  interesting  sections  of  this  series  is  to  be 
seen  in  the  old  limestone  quarry.  On  the  hills  above  the  old 
Kilmahog  toll-house  here,  the  limestone  is  exposed  dipping  to  the 
north-west  at  an  angle  of  50° ;  the  limestone  is  underlain  by  a  series 
of  beds  of  black  graphitic  shales,  while  above  it  appears  another 
Series  of  reddish  slates,  intruded  into  which  we  find  a  vein  of  quartz 
felsite  strings,  and  smaller  beds  of  limestone  are  seen  disseminated 
through  the  slates.  Upon  the  whole,  these  lower  argillaceous  beds 
remind  us  wonderfully  of  the  upper  argillaceous  series  found  on  the 
Ben  Lawers  and  Craig  Na  Clialleich  ridge.  The  component  rocks 
are  exactly  the  same  in  both.  We  find  limestones,  graphite  slates, 
and  such  fine  argillace<m8  rocks  as  clay -slates  and  greywackes.  The 
rocks  of  the  upper  zone,  as  before  observed,  show  evidence  of  more 
extreme  metamorphism  than  the  lower,  this  probably  being 
accounted  for  by  their  higher  position  in  the  mountain  mass,  they 
being  consequently  more  liable  to  contortion  and  shearing  than  the 
lower  members,  which  would  be  simply  pressed  out  or  indurated. 
11)6  evidence  on  this  point  is  not,  however,  very  strong,  and  will 
require  further  and  more  detailed  investigation.  Passing  from  the 
lower  and  more  argillaceous  beds,  and  further  north  on  the  line  of 
wction,  the  latter  are  seen  to  pass  upwards  into  a  more  arenaceous 
group  marked  by  massive  beds  of  grit,  grey  wacke,  and  conglomerate. 
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Tbese  are  well  exposed  in  the  upper  gorge  of  the  Pass  of  Leny,  and 
at  the  foot  of  Loch  Lubnaig.  At  the  upper  part  of  the  Pass, 
and  near  the  foot  of  Loch  Lubnaig,  the  greywackes  become  highly 
gritty  and  oonglomeratiCi  the  pebbles  being  composed  of  quartz  and 
felspar  set  in  a  matrix  of  fine  argillaceous  material.  Along  the 
eastern  shores  of  Loch  Lubnaig  these  greywackes  are  followed 
by  zones  of  slates,  approaching  more  closely  to  a  phyllite  than 
any  we  have  seen  in  this  group.  They  are  well  exposed  in  the 
quarries  on  the  side  of  the  hill,  and  are  shown  still  dipping,  with  an 
average  dip  of  about  60°  to  the  north-west.  Passing  northwards, 
they  are  seen  to  plunge  under  the  massive  beds  of  grit  and 
conglomerate  shown  on  the  south  side  of  Loch  Earn  and  in 
Ben  Vorlich,  the  position  of  which  to  the  middle  arenaceous  zone 
is  shown  in  the  section  from  Craig  Na  Ghalleich  to  Loch  Earn 
(Fig.  2). 

Xn.  Conclusion. 

It  now  remains  for  us,  in  conclusion,  to  make  some  general 
remarks  upon  the  structure,  succession,  and  age  of  these  rocks  along 
the  margin  of  the  Highlands.  The  sections  we  have  described  from 
Perthshire  have  their  beds  dipping  at  such  low  and  gentle  angles 
that  little  doubt  can  exist  as  to  their  exhibiting  the  true 
succession  of  the  beds.  Sir  A.  Geikie  notes  this  fact  thus:  "Over 
many  square  miles  the  angles  of  inclination  are  low,  and  the 
successive  bands  may  be  traced  from  hill  to  hill  across  stmth  and 
glen,  forming  escarpments  along  the  slopes  and  outliers  on  the 
summits  precisely  as  gently  undulating  beds  of  sandstone  and 
limestone  may  be  seen  to  do  in  the  dales  of  Yorkshire.*'*  In 
Perthshire  and  to  the  north-east,  in  the  counties  of  Forfar  and 
Kincardine,  along  the  Highland  border,  the  order  of  succession 
we  have  just  given  seems  to  hold  good  so  far  as  we  have  had 
opportunities  of  observing ;  while  on  the  other  hand,  to  the  south- 
west of  Perthshire  and  in  the  counties  of  Argyll  and  Dumbarton,  the 
rocks  of  the  southern  margin  of  the  Highlands  have  been  plicated 
into  a  deep  and  acute  synclinal  fold  with  a  reversal  of  dip ;  this 
reversal  being  well  shown  in  the  Ben  Lomond  section,  where  from 
the  clay-slates  on  the  margin  of  the  Highlands,  and  inward  towards 
Ben  Lomond,  the  whole  series  of  grits,  slates,  and  greywackes  are 
seen  to  dip  to  the  south-east  Thus  our  conclusion  as  to  the  true 
succession  of  these  rocks  is  exactly  the  opposite  to  that  arrived 
at  by  Prof.  Niool. 

Turning  now  to  the  diflScult  subject  as  to  the  age  of  these  rocks, 
little  can  yet  be  said  as  regards  their  true  position  in  the  geological 
scale.  The  discovery  of  radiolarian  cherts  associated  with  the 
graphitic  schists  of  our  upper  argillaceous  zone,  according  to  Sir  A. 
Geikie,  seems  to  point  to  the  identity  of  these  higher  rocks  with  the 
Ordovician  of  the  southern  uplands ;  while  our  annelid  tubes  occurring 
near  the  base  of  that  zone  might  point  to  the  similarity  of  it  to 
the  Cambrian  quartzites  of  the  north-west  of  Sutherlandshire — thus 

^  Quart.  Joum.  Oeol.  Soc,  Presidential  Address,  toI.  xItU,  p.  73, 
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nahiog  these  upper  rooks  represent  a  sucoeesiou  from  Cambrian 
llirough  a  Lower  yiluriau  series,  while  the  lower  members  reprewnt 
t  atill  o]d«r  group  of  rocks,  some  of  wtiich  majr  be  the  deep- 
Kft  equivaleuLH  of  tbe  pre-Cambrian  conglomu rales  of  Lotjh 
TarridoD  and  other  parts  of  the  west  coast,  an  idea  which 
I  pointed  out  some  years  ago. 

TiBLm  OP  TBB  Altxked  Clastic  Rocks  of  thb  SoDTusaH  Hiqhlaxdb 


lOMB. 

1                               LOC.L,T.S».                               1 

Upper 
AnnueoDS 

Zooe. 

Limeatooea. 
Quartzites. 

Glen  Tilt,  Blair  Athole. 

Gleulfon,  SchiehaUion,  Ben  T  Ghloe. 

Upper 
Zone. 

Grapbite  8chirt. 

Sencite  Schiet. 
QuartzitM  and  Gray  wockea, 
with  Annelid  Tubes. 

Ben  Lawere,  Glenshee. 
Loch  Ppe,  Ridge  north  of  Loch  Taj. 
Craig    Jfa    ChftUeieh,    Ben    Lawers, 
KaUn. 

Middle 

ZOM. 

C«ileUiBt0QaQuartz.«hi*t8 
and  Mica-echisU,  wilh 
banda  of  Grit  and  Con- 
glomerate. 

Loch  Tay,  Loch  Earn,  Glen  Dochert, 
lUlquhidder. 

LochTaj 

Limwtone 

Piu-B  Limeatone  and  Miea- 
ceoua  LimeaHine, 

Loch  Tay,  Loch  Earn,  Glen  Dochert, 
Ashinlully. 

Middle 
2on«. 

Lo-er 

imuceou* 
■loaf,. 

GametiferouBQuartz-K-histo 
and   Mica-schiald,  with 
hands  of  Grit  aud  Con- 
glomerste. 

Motive   GrlU   and   Con- 
Gnu,    Grevwaekes,     and 
QuartiiiUg. 

Loch  Tav,  Loch  Earn,  Glen  Dochert, 
BalquhiJder. 

Ben  Ledi,  Ben  VorUcb. 

Pass  of  Lenj,  Glen  Leadnock,  Forneth. 

irgilkceoiis 

Claj-elales  and  I'hyllitea.    |  Ahrrfoil,  Loch  Lubnaig.  Pass  of  L«uj. 
Limestone.          '                ■  Kilnialiog,  I'liss  of  Leuj. 

V'— PlLXOMTOLOOICAL  CONSIDERATIONS  ON  THE  Old  ReD  SaNDBTONE 

OP  SCOTLAHD, 

By  Fbtir  Uacnair  and  James  Rbid. 

The  Ganoidian  Fishet  of  the  Old  Red  Saadtlone. 

HOWEVEU  paradoxical  it  may  appear,  we  have  reason  to  believe 
that  the  occurrence  of  Bo-calied  ganoidian  liahes^of  a  Iresh- 
wtter  type— in  the  Old  Ktd  SaudHtoiio  affords  the  strongest  evidence 
is  favonr  of  ita  marine  origin.  That  recent  representaiivcs  of  tbe 
Suoidi  of  the  Old  Bed  Sandstone  iuhubit  rivers  and  lakes  of  the 
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globe,  18  by  no  means  a  proof  of  tbe  fresh-water  origin  of  the  latter 
fishes.  The  immeDse  interval  of  time  implied  by  the  comparison 
renders  its  value  somewhat  problematioaL  Sir  A.  G^ikie,  in  re- 
ferring to  the  fishes  of  the  Old  Bed  Sandstone,  says :  **  That  some 
of  the  fishes  found  their  way  to  the  sea,  as  our  modern  salmon  does, 
is  indicated  by  the  occasional  occurrenoe  of  their  remains  among 
those  of  the  truly  marine  fauna  of  the  Devonian  rocks."  ^ 

The  life  history,  however,  of  the  salmon  presents  evidence  of 
a  somewhat  different  kind ;  for  we  find  that  the  Salmonidsa  made 
their  appearance  for  the  first  time  in  the  Chalk  of  the  Cretaceous 
system,'  which  would  rather  indicate  a  migration  from  the  sea.  In 
like  manner,  the  life  history  of  these  obscure  representatives  of  the 
ganoids  of  the  Old  Bed  Sandstone  would  probably  show  that  they 
preserved  their  existence  "  in  the  struggle  for  life  "  by  a  successful 
adaptation  to  new  surroundings — namely,  fresh-water  conditions — 
while  their  less-favoured  contemporaries  succumbed. 

The  large  numbers  of  fish-remains  entombed  in  the  Caithness 
flags  indicate  a  widespread  and  sudden  destruction  of  life,  flarth- 
quake  shocks,  the  discharge  of  mephitic  gases,  and  heated  waters 
have  been  respectively  suggested  as  the  cause  of  the  catastrophe. 
But  whatever  the  agent  of  destruction  may  have  been,  it  apparently 
came  in  from  an  outside  area,  sweeping  before  it  the  fishes  of  the 
Old  Red  Sandstone  of  Caithness  inward  towards  the  shallow  shores, 
where  they  perished.  In  referring  to  the  fiagstone  quarry  of 
Achanarras  and  its  contained  fish-remains.  Dr.  B.  H.  Traquair  states 
that  in  the  lower  bed,  two  and  a  half  feet  in  thickness,  -"there  all 
the  species  in  the  list  occur  almost  indiscriminately."'  It  is  im- 
possible to  conceive  the  manner  in  which  dead  fishes  could  be 
preserved  entire,  during  the  formation  of  sandstones  and  shales  of 
several  feet  in  thickness,  in  a  tideleas  fresh-tDater  lake,  .  But  a 
shallow  seashore,  presenting  broad  stretches  of  sandbanks  and 
mud-fiats,  would  afford  a  more  adequate  medium  for  this  purpose. 
The  diurnal  tides,  on  the  one  hand,  laden  with  sand  and  mud  in 
their  ebb  and  flow,  would  undoubtedly  cover  up  immense  numbers 
of  the  fishes  in  question  ;  while,  on  the  other,  the  antiseptic  properties 
of  salt  water  would  tend  to  their  preservation,  even  for  some  time 
afterwards.* 

The   Introduction    and    Geographical   Distribution   of   the    Old   Btd 

Sandatone  Fishes, 

With  regard  to  the  introduction  and  geographical  distribution  of 
the  fishes  of  the  Old  Bed  Sandstone,  the  case  of  the  "  Lake  theory  " 
displays  conspicuous  weakness.  The  Eury pterids  and  Cephalaspidians 
ot*  the  Upper  Silurian  are  in  evidence;  but  of  the  genera  OsteolepiSy 
Dipterus,  Glyptolepis,  and  other  fishes  of  the  Old  Bed  Sandstone, 
no  undoubted  plates  or  scales  occur  in  the  preceding  formation. 
The  question  therefore  arises,  whence  came  these  highly  organized 

»  **Cla8sbook  of  Geology,"  1890,  p.  262. 
2  Giinther,  "  Study  of  Pishes,"  1880,  p.  631. 
'  Proc.  Rov.  Phvs.  Soc.  Edinburgh,  vol.  xii,  p.  283. 
*  rroc.  Perthshire  Soc.  Nat.  Sci.  1893-4. 
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fiihet  of  the  Old  Bed  Sandstoae?  More  especially,  from  what 
fresb- water  region  did  they  migrate?  Not  only  so,  but  as  the 
saioe  genera  of  fishes  oocur  in  the  Devonian  of  North  America 
aiid  the  St.  Lawrenoe  basin,  we  have  an  equal  right  to  know  by 
what  fresh- water  pathway  of  distribution  they  were  enabled  to 
migrate  some  3000  miles  between  one  point  and  another.' 

But  so  far  as  these  questions  are  concerned,  the  advocates  of  the 

*'  Lake  theory  "  have  maintained  an  ominous  silence.    Some  eminent 

palnobotanists  have  advocated  the  view  of  an  Arctic  origin  and 

loathward  migration  of  the  flora  of  the  globe ;  while  Dr.  A.  Wallace 

also  believes  **in  the  northern  origin  of  both  the  fauna  and  the 

flora  of  the  world."*     The  simultaneous  occurrence  of  ganoidian 

fishes  of  the  same  genera  and  species  in  the  formations  of  North 

America  and  Britain,  and  in  tlie  Devonian  of  Bussia  and  Central 

Europe,  seems  also  to  indicate  a  boreal  origin  and  southward  migration 

of  the  fishes  of  the  Old  Bed  Sandstone.     In  this  connection  the 

genus  Acanthcupia    (Newberry),  of  the   Devonian   of  Ohio,   is   of 

special  interest.     A  specimen  of  this  fish  from  the  Lower  Devonian 

of  Bpitzbergen  is  figured  and  described  by  Mr.  Smith  Woodward,' 

while  Dr.  K.   U.  Traquair  mentions  its  occurrence  in  the  Lower 

Devonian  of  Priim  in  the  Eifel.*    These  discoveries  thus  show  an 

extremely  wide  range  for  this  Placoderm  of  the  Devonian. 

Stratigraphical  and  Biological  Comparisons, 
We  find  Sir  A.  Geikie  stating  that  no  unequivocally  marine  fossil 
remains  occur  in  the  Old  lied  Sandstone.*  We  believe  we  are  correct 
ill  assuming  that  our  author  refers  to  the  fishes  and  crustaceans 
alike  as  equivocally  marine  remains.  We  have,  however,  seen  no 
reaeon  assigned  why  Eurypterids  and  Placoderms  of  the  same 
genera,  whiuh  are  marine  in  the  later  Upper  Silurian,  and  fishes  of  the 
wme  genera  and  species,  which  are  equally  marine  in  the  Devonian 
uf  Kussia  and  Central  Europe,  as  well  as  m  the  Devonian  of  North 
America,  should  be  termed  equivocally  marine  in  the  Old  Red 
Saudstone.  But  further,  Sir  A.  Geikie  refers  to  the  occurrence,  in 
the  heart  of  the  Old  Ked  Sandstone  of  Lanarkshire,  of  a  band  of 
rock  about  6000  feet  above  the  base  of  the  system,  containing  true 
Silurian  fossil  remains,  whose  occurrence  he  attributes  to  an  irrup- 
tiou  of  an  outside  sea  of  Silurian  character.* 

I'he  Evidence  derived  from  Fossil  Piant-Bemains, 
It  has  been  frequently  assumed  that  the  presence  of  land  plants 
in  the  Old  Red  Sandstone  is  a  proof  of  its  fresh-water  origin.  But 
Irom  an  a  priori  point  of  view,  no  good  reason  can  be  assigned 
Against  the  occurrence  of  land  plants  in  either  the  sea,  on  the  one 
Wd,  or  in  inland  lakes,  on  th«  other.  As  a  matter  of  fact,  plant- 
remains  occur  indifferently  in  the  Old  Red  Sandstone  and  Devonian. 

>  Proc.  Perthshire  Soo.  Nat.  Sci.  1893-4. 

*  Brit.  Assoc.  Address  by  Sir  J.  I).  Hooker,  1881. 
3  Nat.  Science,  vol.  i,  So.  8,  p.  602. 

*  Ann.  and  Mag.  Nat.  Hist,  sec.  G,  vol.  xiv,  p.  370. 

*  •'Textbook  oi  Geology,"  1882,  p.  706. 

*  Ibid.y^.  714. 
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Land  plants  of  the  same  genera  and  species  are  met  with  in  the 
Old  Red  Sandstone  and  Devonian  of  Europe  and  North  America. 
In  littoral  deposits  they  occur  abundantly,  but  in  deep-water  deposits 
they  are  more  sparingly  met  with.  On  the  other  hand,  traces  of 
seaweeds  undoubtedly  occur  in  the  Old  Bed  Sandstone.  In  the 
sandstones  of  Gaspe,  Nematophyton  (with  which  Paehytheea  is 
closely  associated)  is  prevalent.  This  plant  has  been  referred  by 
Penhallow  and  Carruthers  to  the  Alg».  Paehytheea  is  met  with  in 
the  sandstones  of  Murthly  ^  and  in  the  flags  of  Forfarshire,  while  in 
a  late  edition  of  Page's  Geology  an  undoubted  fucoid  is  figured  from 
the  Old  Red  Sandstone  of  Roxburghshire.  Nicholson  also  says : 
"  The  Old  Red  Sandstone  of  Scotland  contains  a  good  many  frag- 
ments supposed  to  belong  to  seaweeds."  ' 

The  Key  to  the  Devonian  Question, 

Perhaps  in  the  Middle  Devonian  of  the  Russian  formation  we  find 
the  strongest  evidence  in  favour  of  the  marine  origin  of  the  Old  Red 
Sandstone.  From  the  northern  to  the  southern  boundary  of  Russia 
the  Devonian  deposits  have  remained  comparatively  undisturbed  to 
the  present  day.  In  the  Russian  formation  "  the  Devonian  and  Old 
Red  Sandstone  types  appear  to  be  united,  the  limestones  and  marine 
organisms  of  the  one  being  interstratified  with  the  fish-bearing  sand- 
stones and  shales  of  the  other.'* '  "  Indeed,  cases  occur  where  in  the 
same  band  of  rock  Devonian  shells  and  Old  Red  Sandstone  fishes  lie 
commingled."  *  The  lower  division  of  the  Devonian  being  absent 
in  the  Russian  formation,  no  crustaceans  or  cephalaspidian  fishes 
occur ;  but  in  the  lower  part  of  the  system  (Middle  Devonian)  we 
find  the  remains  of  the  genera  of  OsteolepiSf  Dipterus,  etc.,  "  which 
are  specifically  identical  with  those  of  the  Old  Red  Sandstone 
of  Scotland."^  The  characteristic  Holoptyehius  nohiliseimua  and 
Boihriolepie  and  other  fishes  of  the  Old  Red  Sandstone  of  Scotland 
are  met  with  in  the  upper  division  of  the  Russian  Devonian,  as  well 
as  in  the  Devonian  of  North  America.  In  the  fish -bearing  sand- 
stones of  the  Devonian  of  Russia  no  marine  shells  occur,  l^his  may 
be  generally  said  of  the  red  sandstones  and  shales  of  the  Old  Red 
Sandstone  of  Britain,  though  in  the  Welsh  area  Conularia  (whose 
recent  representative  is  a  denizen  of  the  deep  sea)  is  met  with. 
Orthoceras  dimidiatum  and  other  marine  remains  occur  in  the  Old 
Red  Sandstone  of  Lanarkshire.  It  is  in  the  St.  Lawrence  basin, 
however,  where  marine  shells  are  more  numerously  met  with.  Sir 
Wni.  Dawson  says  of  the  marine  shells  of  the  Nova  Scotian  beds: 
"  With  respect  to  the  fossils,  I  may  remark  that  they  are  all  marine; 
that  they  belong  to  numerous  genera  and  species."*  "  Some  of  the 
fine  beds  (of  Gaspe)  hold  shells  of  LingtUa  and  Modiomorpha  of 

^  See  Mature,  10th  April,  1890. 

*  "  Manual  of  Palajontology/*   1872,  p.  621  ;   also  Annals  of  Botany,  toI.  t, 
No.  xviii,  p.  158. 

3  »*  Textbook  of  Geology/*  A.  Geikie,  1882,  p.  703. 

*  Jbid.y  p.  704. 

*  Jbid.,  p.  704. 

«  ''Acadian  Geology,"  1855,  p.  315. 
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Hall."  ^  It  18  interesting  to  note  that "  a  large  lamellibranch,  closely 
leaembliDg  the  Irish  Anodonia,**^  is  met  with  in  the  Devonian  of 
New  York. 

Concluaion, 

We  freely  admit  that  the  geological  opinion  of  the  present  day 
is  largely  in  favour  of  the  fresh- water  origin  of  the  Old  Red 
Sandstone.  The  unique  character  of  the  strata,  the  presence  of  well- 
defined  lake  boundaries,  and  the  absence  of  marine  fossil  remains 
bave  been  freely  assumed,  whilst  supporting  evidence  is  conspicuous 
by  its  absence.  In  the  Cambrian  formation  of  Wales  we  find  large 
zones  of  red  sandstones  and  conglomerates,  rivalling,  if  not  exceeding, 
in  extent  similar  deposits  which  characterize  the  Old  Red  Sandstone 
of  Scotland.  The  so-called  boundaries  of  lake  basins  of  the  Old  Red 
Sandstone  would  be  somewhat  difficult  to  find,  for  (if  we  may  use 
the  term)  they  appear  to  be  "  of  a  one-sided  order."  In  the  AVelsh 
area,  the  South  of  Ireland,  and  the  North  of  Scotland,  the  Old  Red 
Sandstone  runs  out  to  sea;  while  in  Midland  Scotland,  if  the  Old 
Bed  Sandstone  thrown  down  by  the  great  fault  which  stretches 
across  the  country  from  Ayrshire  to  Midlothian  were  raised  to  its 
original  position  it  would  show  a  south-eastward  trend,  towering 
wine  12,000  feet  over  the  highest  peak  of  the  Southern  Uplands. 
The  marine  denudation  of  the  Silurian  rocks  of  the  Highlands 
of  Scotland  is  not  in  dispute,  but  Ramsay  and  Geikie  have  assumed 
a  sabseqnent  lake  or  fresh-water  denudation.  The  conformable 
cleposition,  however,  of  the  Old  Red  Sandstone  upon  the  preceding 
Upper  Silurian  deposits  in  the  counties  of  Edinburgh  and  Lanark, 
the  Welsh  area,  and  in  the  St.  Lawrence  basin,  precludes  any  such 
idea;  for  from  the  base  of  the  Upper  Silurian  to  the  top  of  the 
Lower  Old  Red  Sandstone  the  sequence  of  these  deposits  is  unbroken. 
It  therefore  follows  that  the  denudation  of  the  rocks  of  the  Highland 
area  being  marine,  the  equivalent  deposits  occurring  in  the  Upper 
Silurian  and  Lower  Old  Red  Sandstone  are  equally  marine.  We 
find  in  the  Moray  Firth  area  a  large  stratum  of  yellow  saliferous 
sandstone,  interbedded  with  shales  containing  remains  of  Old 
Bed  Sandstone  fishes.'  This  stratum  of  saliferous  sandstone 
is  well  exposed  in  the  precipice  of  the  Burn  of  Eathie,  near 
Cromarty,  and  we  think  but  one  conclusion  alone  can  be  drawn 
therefrom — that  the  formation  and  its  contained  fish-remains  were 
marine.  The  widespread  occurrence  of  so-called  fresh-water 
fishes  in  the  Devonian  of  Russia,  Central  Europe,  Britain,  and 
North  America,  renders  the  **  Lake  theory  "  view  of  the  fresh- water 
origin  of  these  fishes  utterly  untenable.  Finally,  we  feel  justified 
upon  both  physical  and  palaeontological  grounds  in  concluding  that 
the  Old  Red  Sandstone  and  Devonian,  in  their  respective  littoral, 
shallow-water,  and  deep-sea  deposits,  represent  the  one  Devonian 
system,  which  ia  marine, 

*  Report  Geol.  Surv.  Canada,  1871,  p.  4. 

*  **  Textbook  of  Geolo^,"  A.  Geikie,  1882,  p.  706. 
»  "The  Old  Bed  Sandstone,"  4th  ed.,  1850,  p.  285. 
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VI. — On  the  Old  Rbd  Sandstone  and  Cabboniferous  Books  of 

THE   NOBTH-EAST   OF   THE    ISLAND   OF  AbBAN. 

By  Jambs  Nbilbon, 
Vice-President  of  the  Qlasgow  Geological  Sodetj. 

{Continued  from  the  April  Number,  p.  161.) 

IN  the  Transactions  of  the  Edinburgh  Geological  Society  (vol.  v, 
p.  316)  will  be  found  a  notice  of  a  section  at  Lochrim  Burn, 
a  quarter  of  a  mile  south  of  Corrie,  where  is  exposed  a  bed  of 
red  sandy  shale  containing  marine  fossils.  The  catalogue  contains 
fifteen  species  (certified  by  Mr.  John  Toung,  LL.D.),  and  cTery  one 
of  these  is  common  in  the  Carboniferous  Limestone  series  of  the 
West  of  Scotland.  This  bed  is  overlain  by  another  bed  containing 
abundant  plant-remains,  of  which  a  list  of  seven  species  is  given. 
The  Bev.  D.  Landsborough,  of  Eilroamock,  found  here  another, 
viz.  CarpoUthes  auleatus,  L.  and  H.  (**  Fossil  Flora/*  pi.  ocxx), 
which  Mr.  Eidston  considers  to  be  characteristic  of  the  Calciferons 
Sandstone  series.  It  seems  to  me,  however,  that  the  evidence  is 
rather  in  favour  of  these  beds  belonging  to  the  Limestone  series. 
Then,  as  already  noted,  there  are  the  fireclays,  of  which  I  have 
observed  several  distinct  beds  along  the  Corrie  shore.  There  is 
also  a  bed  of  fireclay  in  the  old  quarry  behind  Corrie  Hotel  (within 
100  feet  of  the  Froductus  gigantetu  limestone) ;  this  overlies  a  bed 
of  fine  white  sandstone.  Fireclays  also  occur  in  the  gap  between 
the  northern  and  the  great  eastern  cliff. 

So  far  as  I  am  aware,  fireclays  have  not  hitherto  been  recorded 
from  Arran,  but  they  have  an  important  bearing  on  the  question 
presently  at  issue.  Let  us  again  quote  Geikie  (pp.  806-814) : 
"Fireclay  or  shale,  through  which   rootlets   branch   freely  in  all 

directions They  appear  to  be  the  soil  in  which  the  coal 

grew." 

These  Arran  fireclaj's  differ  in  no  respect,  except  that  some  of 
them  are  redder  or  whiter  than  those  I  am  so  familiar  with  near 
Glasgow,  being  crowded  with  rootlets,  while  here  and  there  the 
usual  Sttgmaria  ficnides  is  to  be  seen.  Some  of  these  fireclays 
show  the  peculiar  slicken-sides  so  well  known. 

These  Red  Sandstone  strata  not  only  contain  fireclays,  but 
also  ironstone,  which  occurs  as  nodules  (in  the  fireclays  and  shales) 
varying  in  size  from  half  that  of  pin-heads  upwards  to  about  a  foot 
in  greatest  diameter.  There  are  also  regular  bands  of  ironstone, 
which  may  be  seen  at  Corrie,  both  on  the  shore  and  in  the  old 
quarries  already  referred  to,  and  also  on  Maoldon  and  the  mill 
burn  at  Brodick.  The  ironstone  is  nearly  all  in  the  state  of 
peroxide  (hematite  iron  ore),  which  is  doubtless  the  colouring 
material  of  all  the  red  rocks  of  Arran ;  in  fact,  we  have  con- 
cluded that  the  nodules  and  possibly  the  seams  of  hematite  are 
simply  segregated  out  from  the  abundance  of  this  material ;  one  very 
striking  instance  being  that  of  a  nodular  band  about  one  inch  thick 
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which  has  apparently  entirely  exYiausted  the  red  matter  from  the 
day  in  whioh  it  lies,  leaving  the  clay  of  a  creamy  white  colour. 

Betaming  now  to  the  question  of  marine  limestones — If  they 
belonged  to  the  Old  Bed  Sandstone  age,  one  would  have  expected  the 
fanna  to  be  of  Devonian  rather  than  of  Carboniferous  type  ;  and  it 
would  indeed  be  strange  if  there  should  exist  at  the  same  time  in  the 
sea,  in  what  is  now  Devonshire  and  Arran,  two  faunas  so  dissimilar 
as  are  the  Devonian  and  Carboniferous,  and  that  changes  should 
ocour  involving  the  annihilation  of  the  entire  Old  Red  Sandstone  and 
Devonian  fauna,  and  yet  leave  these  Carboniferous  fossils  unchanged 
thronghont  all  the  long  period  represented  by  the  Upper  members  of 
the  Old  Bed  Sandstone,*  and  the  whole  of  the  Calciferous  Sandstone 
period  to  be  again  introduced  unaltered  into  the  British  area  at  the 
beginning  of  the  Carboniferous  Limestone  period.  It  may  be  so,  but 
I  oannot  acoept  it  without  proof.  On  the  contrary,  the  fossils  show 
ondonbtedly  that  these  are  the  true  Carboniferous  Limestone  strata 
themselves.  Dr.  Bryce  (p.  224)  records  some  36  species  of  marine 
foisils  from  these  beds,  all  of  which  are  found  elsewhere  in  the 
Carboniferous  series  of  the  West  of  Scotland.  The  thing  that  strikes 
ODe  most  in  the  limestones  at  Corrie,  Laggan,  and  Maoldon,  is  the 
enormous  number  of  Producius  giganteus  to  be  seen.' 

Now,  it  will  be  generally  conceded  that  species,  like  individuals, 
have  first  a  period  of  infancy,  and  then  a  full  development,  from 
which  they  dwindle  and  gradually  die.  Prodnctus  giganteus  is  no 
ezoeption  to  this  rule,  and  its  period  of  overwhelming  development 
iti  well  known  in  the  West  of  Scotland  near  the  bottom  of  the  Lime- 
stone series,  where  some  of  the  beds  are  known  as  Productus 
giganteus  limestone. 

This  series  of  beds  is  the  thickest  of  the  lowest  limestones,  and 
is  generally  called  the  main  limestone ;  they  have  been  extensively 
worked  at  Beith,  Dairy,  Busby,  Hurlet,  Carnpsie,  Carluke,  etc.,  and 
I  have  no  hesitation  in  setting  down  the  Corrie  limestones  as  the 
equivalents  of  this  series  of  beds,  to  whose  position  they  correspond 
stratigraphically.  It  was  my  intention  to  re-examine  the  shore  south 
of  Brodick  Bay,  in  order  to  have  worked  out  the  evidence  in  that 
direction,  but  the  broken  state  of  the  weather  prevented  me  from 
completing  this  part.  I  may,  however,  say  that  the  evidence  here  is 
not  80  complete,  nor  so  continuous ;  while  the  greater  part,  if  not 
the  whole,  of  the  strata  between  those  already  described  and  the 

^  [The  aathor  should  bear  in  mind  that  many  authorities  are  inclined  to  CToup 
^pper  Old  Red  Sandstone  in  the  Carboniferous  system.  The  "Upper  Old  Red'*  of 
Xorth  Wales  and  the  so-called  *'  Old  Red  '*  of  the  Lake  District  are  now  CTouped  as 
Basement  Carboniferous.  The  upnermost  Devonian  beds  hare  a  Carboniferous 
tauna.  With  regard  to  the  Arran  limestones,  however.  Sir  A.  Geikie  has  himself 
corrected  the  error.     See  sequel  to  this  paper,  p.  227. — Edit.  Geol.  Mao.] 

'  I  measured  a  square  yard  in  the  roof  of  one  of  the  mines,  and  counted  in  it 
48  shells  of  this  species.  I  &ho  counted  in  the  face  of  the  quarry  21  layers  of  these 
•bells.  These  figures  show  that  each  layer  contained  (48  x  4840)  over  232,000  shells 
P»«cre,  and  thia,  multiplied  by  the  number  of  layers,  gives  nearly  5,000,000  shells 
per  acre ;  a  number  which,  however  gigantic,  is,  t  am  persuaded,  under  rather  than 
oTer  the  actual  fact. 


224      James  Neikon — Old  Red  and  Carboniferous  of  Arran. 

thick  sandstones  which  overlie  the  upper  limestones  near  the  Cock  of 
Arran,  appears  to  be  wanting. 

I  will,  therefore,  take  up  the  strata  on  the  north  coast,  at  the  point 
half  a  mile  north  of  the  shepherd's  house  at  Laggan.  This  part  is 
generally  called  Salt  Pans,  lliese  consist  of  sandstones  and  shales, 
with  two  or  three  seams  of  coal,  which  have  been  wrought  down  to 
the  level  of  the  sea ;  also  several  ironstones,  three  bands  of  which, 
exposed  in  a  little  bay,  have  long  been  noted  for  their  beautifully 
tessellated  structure.' 

No  marine  remains  have  been  recorded,  nor  observed  by  me  from 
these  strata,  the  beds  presenting  the  appearance  of  having  been  de- 
posited in  fresh  water.  They  contain  numerous  plant-remains,  mostly 
indecipherable,  although  Stigmaria  is  common,  and  I  found  a  small 
frond  of  Sphenopteris.  Dr.  Bryce  says  (p.  128)  that  '*  the  shale  and 
ooal  tract  is  bounded  by  a  black  limestone  below  and  a  red  limestone 
above,  1400  yards  apart."  These  lie  between  the  Lower  and  the 
Upper  Limestone  series,  and  I  believe  they  are  the  representatives  of 
what  are  denominated  in  the  West  of  Scotland  **  the  Middle  Coal 
and  Ironstone  series."  These  are  represented  in  the  neighbourhood 
of  Olasgow  by  the  Fossil  and  Govan  Coals  and  Ironstones,  with 
which  they  correspond  in  geological  position,  mineral  character,  and 
economic  products  of  coal  and  ironstone,  although  we  have  not 
observed  the  Lingula,  which  is  so  characteristic  of  this  division. 

Proceeding  still  north-west  along  the  shore,  we  find  overlying 
the  last  group  another  series  of  red  rooks,  even  redder  than  before. 
These  consist  of  sandstones,  shales,  and  several  limestones.  The 
limestones  are  charged  with  marine  fossils;  one  bed  (tlie  lowest) 
being  covered  with  shells  of  Productus  latiBsimus,^  while  another 
abounds  with  large  stems  of  encrinites,  and  a  third  with  various 
shells.  Not  only  these  beds,  but  the  fossils  they  contain  are  as  red 
as  any  Old  Red  Sandstone  rock  in  Scotland.  These  beds  exhibit 
a  decided  change  from  the  last  group,  viz.  a  change  from  fresh- 
water to  marine  conditions. 

I  consider  these  beds  to  belong  to  the  Upper  Limestone  series, 
to  which  they  correspond  in  stratigraphicai  position.  Productus 
latissimus  attains  its  greatest  development  at  a  certain  horizon 
known  in  the  West  of  Scotland  as  the  Productus  latissimus  limestone, 
also  as  the  Index  or  Cowglen  limestone,  which  is  the  lowest  lime- 
stone in  the  Upper  Limestone  series ;  and  I  am  inclined  to  consider 
the  Arran  bed  charged  with  Productus  latissimus  to  be  the  Index 
Limestone  itself. 

Overlying  these  rooks  at  the  Cock  of  Arran  are  thick  beds  of 
sandstone,  then  breccias,  then  sandstones  again,  till  the  whole  are  cut 
off  by  a  great  fault  and  by  the  slates  coming  down  to  the  shore.  It 
will  be  observed  that  these  sandstones  occupy  the  natural  position 
of  the  Millstone  Grit,  and   as  no  unconformity  or  break  in  the 

1  This  bed  is  referred  to  by  Mr.  E.  A.  "Wiinsch  in  a  paper,  "  On  a  Coast  Section 
at  Arran,"  read  before  the  Geological  Society  of  Glasgow,  March  2nd,  1871 :  Gbol. 
Mao.  1871,  Vol.  VIII,  p.  2.?6. 

>  See  Mr.  £.  A.  AViuLsch*s  paper  already  referred  to. 
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seqnfDoe  bas  been  recorded  or  observed,  I  am  inolined  to  relegate 
them  to  tbat  position.  These  sandstones,  etc.,  were  described  by 
Sedgwick,  Murohison,  and  Ramsay,  as  belonging  to  the  New  Red 
Sandstone  formation,  while  Bryce  sets  them  down  as  belonging 
to  the  Upper  Carboniferous  series  (we  presume  the  equivalents  of  the 
Bothwell  red  sandstooes,  which  overlie  the  highest  of  the  Lanark- 
shire coal-seams). 

In  Sir  Archibald  Qeikie's  Geological  Map  of  Scotland,  published 
1892,  these  rocks  are  set  down  as  Upper  Old  Red  Sandstone;  but 
they  clearly  overlie,  probably,  one  thousand  fathoms  of  strata  con- 
tainiog  Carboniferous  fossils ;  and,  more  astonishing  still,  the  pebbles 
of  the  breccias  in  these  red  sandstones  contain  fossils  of  Carboniferous 
age,  originally  discovered  by  Mr.  James  Thomson,  F.G.S.,  a  fact 
well  known  to  the  members  of  this  Society  many  years  ago. 

These  rocks,  then,  may  be  considered  as  the  highest  rocks  in  this 
part  of  Arran,  and  it  is  evident  that  the  Upper  Coal-measures  are 
absent. 

I  have  already  stated  that  the  ring  of  slates  or  schists  completely 
encircles  the  granite,  but  Sir  A.  Geikie's  map  shows,  on  the  east, 
the  granite  in  contact  with  the  Old  Red  Sandstone  for  a 
distance  'of  about  three  miles.  This  is  not  so  in  the  White 
Water  (described  in  all  the  Handbooks),  nor  in  the  Punch  Bowl, 
or  Coich-na-Oich  junction,  where  the  granite  and  plate  can  be  seen  in 
contact.  The  rocks  here  are  coloured  as  Lower  Old  Red  Sandstone, 
wbile  I  am  inclined  to  regard  them  as  Upper  Old  Red  Sandstone. 

For  comparison  with  the  Arran  rocks  I  append  Sir  Archibald 
Geikie*8  Synopsis  of  the  Carboniferous  Limestone  Series  of  Scotland.* 

Group   of  sandstones  and  shales,   with  three  or  more  seams  of  limestone 

(Ca-^tlecary,  Calmy  or  Arden,  and  Index  limestones). 
SandsU)nes,  shales,  coals,  and  iroustones,  but  with  tio  limestone  bandi. 
Sandstones,  shales,  fireclays,  corals,  and  ironstones,  with  several  thin  lime- 

stones  (Hosiers)  towards  the  top,  and  the  thick  tnain  or  Uurlet  Zimestons 

at  the  bottom. 


^.5 


Tbis,  it  will  be  seen,  agrees  with  the  Arran  section. 

And  now,  in  conclusion,  I  cannot  help  asking  the  question — Is 
tbere  any  way  of  accounting  for  the  rerlnesa  of  the  Arran  rocks,  so 
different  in  many  cases  from  their  equivalents  elsewhere  ? 

The  ironstones  appear  to  have  been  deposite<l  in  a  manner  exactly 
BimiUr  to  the  Clay-bands  of  the  mainland,  and  I  am  strongly  of 
opinion  that  originally  they  were  similar,  and  that  the  alteration  to 
peroxide  took  place  subsequently  to  their  deposition  and  segrega- 
tion, and  was  due  to  some  change  which  did  not  apply  to  the  West 
of  Scotland  generally. 

I  ara  inclined  to  attribute  this  change  to  heat.  The  red  rocks  of 
Arran  are  situated  round,  and  at  no  great  distance  from,  a  granite 
nucleus,  upheaved  to  its  present  position  subsequent  to  the  deposition 
^f  the  stratified  rocks,  and  it  is  just  possible  that  to  the  long- con  tinned 

^  Explanatory  Notes  accompanying  a  new  Geological  Map  of  Scotland.     1892. 
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and  gentle  baking,  to  which  they  must  have  been  subjected,  is  due 
the  alteration  to  red  oxide,  both  in  the  ironstones  and  sandstones. 
That  bricks  assume  their  red  colour  by  firing  is  common  know- 
ledge ;  and,  although  a  heat  sufficient  to  burn  a  brick  might  destroy 
a  fossil  in  the  limestone  or  shale,  yet  the  heat  required  to  effect  the 
change  in  colour  may  not  be  so  great  after  all — as  one  sees  in  the 
case  of  the  lobster  that  is  affected  by  the  heat  of  boiling  water. 

I  throw  out  this  suggestion  with  considerable  diffidence,  knowing 
it  to  be  open  to  many  and  serious  objections ;  but  it  is  the  only 
hypothesis  I  can  suggest,  and  even  should  it  prove  to  be  erroneous, 
it  may  evoke  a  better  and  truer  solution. 

Since  the  above  remarks  were  penned  a  curious  circumstance  has 
come  under  my  notice,  which  has  a  bearing  on  this  point  Some 
time  ago,  during  excavations  for  a  gas-holder  tank  at  Thomhibank 
works,  the  excavated  material  was  carted  away  and  thrown  down  at 
Arden  old  quarry.  It  proved  to  be  a  fossiliferous  shale,  containing 
a  large  number  of  ironstone  nodules.  After  lying  some  time  it  took 
fire,  owing  probably  to  spontaneous  combustion,  and  has  been 
smouldering  away  for  the  last  month  or  two.  The  heat  in  the 
deeper  parts  was  probably  great,  but  on  the  surface  was  not 
very  high — perhaps  from  120*^  to  150°  Fahr. ;  yet  this  heat  has  been 
sufficient  to  alter  the  colour  of  the  ironstone  nodules  from  dark- 
brown  or  blackish  to  red,  as  shown  in  specimens  obtained  by  me, 
some  of  which  contain  fossils  which  have  been  altered  but  not 
destroyed. 

Another  point  is  the  condition  of  the  fireclay  and  shales  charged 
vnth  plant-remains.  The  presence  of  the  carbonized  plant-remains 
turns  the  shales  and  fireclays  in  which  they  occur,  black,  and 
I  believe  this  to  be  the  invariable  rule,  and  feel  pretty  safe  in 
saying  that  any  which  are  not  black  have  been  subjected  to  alteration. 

The  effect  of  heat  is  to  drive  off  the  carbon  and  leave  the  shale 
white,  or,  if  it  contains  iron,  reddish — a  fact  familiar  to  every  house- 
wife in  the  country  who  buys  stones  along  with  her  coals.  Then 
there  is  the  fact  patent  to  all,  that  bricks,  whether  made  from  fireclay 
or  dark  carbonaceous  shales,  are  white. 

Now,  none  of  the  shales  or  fireclays  among  the  red  rocks  of 
Arran  are  black  ;  they  are  either  of  a  creamy  white  or  reddish  colour. 
That  alteration,  as  we  have  shown,  could  have  been  produced  (and 
I  am  inclined  to  think  has  been  produced)  by  heat. 

Proceeding  from  observation  to  experiment,  I  took  some  specimens 
of  fireclay  filled  with  small  ironstone  nodules  of  a  dirty  black  colour 
(which  had  been  discovered  by  Mr.  J.  B.  Wyse  at  Blochaim,  noiiJi- 
east  of  Glasgow)  and  put  a  piece  into  the  parlour  fire,  heaping 
coals  over  it.  After  about  two  hours  roasting  it  was  found  that  the 
black  colour  was  gone,  the  matrix  was  changed  to  a  white  colour, 
and  the  ironstone  nodules  had  been  altered  to  a  blue  colour.  As, 
however,  I  was  under  the  impression  that  too  much  heat  had  been 
applied,  another  specimen  was  put  into  the  fire  before  retiring  for 
the  night,  and  in  the  morning  the  result  was  more  patisfaotory. 
The  matrix  was  white,  and  the  iron  in  the  condition  of  red  oxidei* 
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It  may  be  explained  that  these  speoimens  were  seleoted  from  their 
resemblanoe  (in  all  bat  colour)  to  a  very  remarkable  and  interesting 
bed  found  in  Maoldon,  Arran,  and  that  after  the  experiments  the 
speoimens  might  very  well  have  been  mistaken  for  Arran  ones. 

NoTK. — After  the  reading  of  the  paper  on  October  17,  1895,  the 
Secretary  of  the  Glasgow  Geological  Society  was  requested  by 
Sir  A.  Geikie  to  mention  the  fact  tliat  the  statement  as  to  the  Arran 
Limestone  had  already  been  corrected  by  him  in  his  Annual  Eeport 
to  the  Science  and  Art  Department  for  1894,  which  was  sent,  soon 
after  pnblication,  to  the  Mitchell  Library,  Glasgow,  on  Sept.  5,  1895. 
The  author  desires  to  add  that  he  was  entirely  unaware  that  Sir 
A.  Geikie  had  published  any  statement  on  the  subject,  otherwise  he 
would  have  embodied  it  in  his  paper.  He  now  adds  the  following 
extract  from  Sir  A.  Geikie's  Report  referred  to  above  : — 

"  Permian  (p.  284). — The  age  of  the  red  sandstones  which  extend 
along  the  shore  from  Corrie  to  Brodick  and  thence  across  the 
southern  half  of  the  island,  underneath  the  yai'ious  sheets  of 
emptive  rocks,  has  been  much  discussed. 

"  By  Sedgwick  and  Murchison  these  strata  were  classed  as  New  Red 
Sandstone,  a  view  which  was  subsequently  adopted  also  by  Ramsay. 
Afterwards,  however,  Bryce  and  other  writers  placed  them  in  the 
Carboniferous  system  and  correlated  them  with  the  red  sandstones 
of  the  north  of  Ayrshire  and  Renfrewshire.  A  re-examination  of 
the  ground  was  made  by  me  last  spring,  in  company  with  Mr. 
Peach  and  Mr.  Gunn.  We  found  that  pebbles  of  the  Carboniferous 
Limestone  and  its  characteristic  fossils  actually  occur  in  the  breccias 
at  the  base  of  these  red  sandstones  between  Corrie  and  the  north 
end  of  Arran,  as  was  first  observed  some  years  ago  by  Mr.  James 
Thomson.  Closer  inspection  of  the  coast-sections  and  of  the  interior 
showed  us  that,  besides  this  evidence  of  a  decided  stratigrapliical 
hieak,  the  red  sandstone,  conglomerates,  and  breccias  lie  uucon- 
formably  on  the  Carboniferous  formations,  though  at  the  actual 
JQDctions  the  two  series  seem  almost  conformable. 

'*It  was  thus  manifest  that  these  red  sandstones  could  not  be  Lower 
Carboniferous  as  was  supposed,  but  must  be  later  than  the  Car- 
boniferous  Limestone  series.      North   of  Corrie  they  rest  on  the 
iippermost   members   of  the  Limestone   series   or  the  base  of  the 
Millstone  Grit.     In  the  interior,  at  the  head  of  Benlister  Glen,  they 
He  on  the  Corrie  Limestone  hundreds  of  feet  lower  down  in  the 
Carboniferous  system,  while  on  the  west  coast,  at  the  mouth  of  the 
Uachrie  Water,  they  appear  to  come  directly  down  upon  the  Old 
Bed  Sandstone,  the  whole  of  the  Carboniferous  formations  having 
there  disappeared.     These  upper  unconformable,  and  overlapping  red 
ttrata  may  be  divided  into  two  fairly  well-marked  sections — a  lower 
group  consisting  of  massive  false-bedded  sandstones  varying  from 
a  bright  brick-red  colour  to  tints  of  yellow  or  grey ;  and  an  upper 
group  of  red  marls,  and  shales,  containing  thin  sandstones  and  oc- 
casional thin  seams  of  nodular  limestone That  the}'  are  probably 

Permian,  may  be  inferred " 
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L— Toe- Work,  Present  and  Past.  By  T.  G.  Bonnet,  D.Sa, 
LL.D.,  F.R.S.,  F.S.A.,  F.G.S.,  etc.  8vo,  pp.  295,  wiih  24  maps 
and  diagrams,  and  frontispiece  from  a  photograph.  (London: 
Kegan  Paul  and  Co.,  1896.) 

THE  value  of  hypotheses  or  of  well-considered  inferences  from 
known  facts  must  depend,  partly,  on  the  personality  of  the 
thinker,  on  his  usual  hahit  of  thinking  and  lines  of  thought ;  and 
partly  whether  the  basis  of  his  inferences  rests  on  direct  observation 
or  on  statements  of  facts  by  others.  "  Gather  facts  for  yourself  and 
then  submit  them  to  inductive  reasoning,"  has  been  Dr.  Bonney's 
advice  to  students  ;  and  certainly  he  has  acted  on  it  himself. 

First,  he  sketches  the  general  and  special  features  of  some  Alpine 
regions  which  offer  available  evidence  of  ice-action  in  various  ways, 
and  which  he  has  peraonally  examined  (pp.  3-37).  Secondly,  he 
reproduces  the  statements  of  good  observers  relative  to  the  Arotio 
and  Antarctic  ice-sheets  (pp.  38-75).  The  features  and  conditions 
of  the  Great  Aletsch  Glacier  and  its  tributaries  are  described  by  the 
author  from  personal  observation.  The  origin  of  the  ice-river  in 
the  fields  of  dry  snow  and  "  frozen  snow  "  of  the  heights  is  followed 
by  its  slow  downward  progress,  with  debris  from  the  mountains, 
scattered  or  trailing  on  its  surface.  This  often  falls  into  the  body 
of  the  ice  by  fissures ;  but  chiefly  it  forms  the  moraines  along  the 
edges,  which  ultimately  unite  at  junctions,  and  altogether  become 
exposed  at  the  melting  of  the  glacier.  Both  perched  blocks  and 
great  moraines  result.  The  ice  itself  is  allowed  to  have  some 
abrading  power  (p.  10).  The  debris  imbedded  in  its  mass  aids  it; 
but  more  especially  the  blocks,  stones,  grit,  and  sand  are  ground, 
and  grind  the  rocks  at  the  bottom  of  the  ice ;  and  here  also,  together 
with  mud,  they  form  a  "  ground-moraine,"  which  is  as  variable  as 
the  dimensions  and  conditions  of  the  glacier  and  its  imbedded  rook- 
material.  Superficial  snow  and  ice  melting  in  sunshine  give  water, 
which  furrows  the  surface  until  lost  in  crevasses  ;  and  locally  waters 
from  the  valley-sides  plunge  beneath  the  glacier.  These  all  help  to 
augment  the  ground -moraine,  or  maintain  the  chief  line  of  the  sub- 
glacial  drainage.  Here  the  pot-holes'  are  made  by  gurgitation  of 
stones  and  water,  besides  the  rounded  hummocks  of  the  striated, 
smooth,  and  more  or  less  polished  floor. 

Hence,  though  local  appearances,  due  to  other  causes,  may  be 
mistaken  for  some  of  them,  such  conditions  and  phenomena  as  thost 
mentioned  above  may  be  taken  to  indicate  the  path  of  a  vanished 
glacier.  This,  though  nowadays  a  oommonplace  statement,  it 
offered  by  the  author  in  a  detailed  form  from  personal  observatioily 
as  a  basis  for  his  inductions. 

Continuing  his  observations  in  the  valleys  below  the  endi  of 
glaciers,  although  the  features  vary  in  some  degree  froai 
place,  it  is  evident  that  far  above  the  bed  of  the  vil)qr^ 


£eview$ — Prof,  Bonney — Ice- Work,  Present  arid  Past.     229 

are  roanded,  smoothed,  and  striated;  and  perched  blocks  and 
scattered  debris  indicate  that  the  bulk  and  sides  of  a  glacier  reached 
\o  these  heights.  V-shaped  valleys,  cut  and  hollowed  out  by  water, 
have  thas  been  filled  with  ice,  now  gone,  leaving  smooth  and  often 
bare  surfaces;  and  their  moraines,  consisting  of  rocks  other  than 
those  of  the  neighbourhood,  tell  of  their  former  existence  and  work. 
The  moraines,  however,  and  the  generally  turbid  stream  issuing 
from  below  the  end  of  the  glacier,  represent  really  the  talus  from 
the  frost-bitten  mountain-sides,  and  relatively  but  little  material 
removed  from  the  floor  or  sides  of  the  glacier.  The  destructive 
work  of  mountain-torrents,  though  spasmodic,  is  found  to  be  much 
more  important  than  that  of  glaciers  (p.  22).  Thus,  it  is  found  (I) 
that  in  glaciers  of  moderate  size,  such  as  those  of  the  Alps,  the 
"ground-moraine"  is  absolutely  small;  (2)  that  the  ice  may  ahrade, 
bat  cannot  excavate ;  (3)  that  its  movements  resemble  those  of  an 
imperfect  fluid. 

The  external  and  internal  differences  between  recent  and  old 
moiaines  are  noted;  those  near  Lake  Zurich  being  examples  that 
the  ancient  and  great  glaciers  of  the  Alps  advanced  and  retreated, 
probably  more  than  once,  during  the  prevalence  of  an  extensive  ice- 
sheet,  which  reached  down  over  almost  the  whole  of  the  Swiss 
low-land,  and  rose  up  against  the  Jura  for  3000  feet  above 
Neochatel  lake,  and  extended  northwards  to  near  Soleure.  This  is 
indicated  on  a  sketch-map  of  the  glacial  movements  in  France, 
Switzerland,  and  part  of  Germany.  The  ancient  Ehone  Glacier  had 
an  estimated  length  of  at  least  245  miles. 

The  glaciers  on  the  southern  side  of  the  Alps  are  the  dwindled 
representatives  of  gigantic  predecessors,  which,  scarcely  less 
extensive  than  those  on  the  northern  side,  descended  in  the  old 
T&lleys,  passed  over  the  sites  of  the  Italian  lakes,  on  to  the  plains  of 
Piedmont  and  Lombardy,  as  shown  by  their  moraines. 

Land-ice  has  left  its  marks  on  the  Alpine  region,  but  in  Greenland 
it  is  still  in  possession,  representing  a  Glacial  Period  there.  Records 
of  the  temperature  and  precipitation  in  Greenland,  its  configuration, 
ioe-fiel<],  and  glaciers,  are  then  dealt  with.  Having  collected  the 
Ofidenoes  of  ice-action  and  its  results  in  Switzerland  and  Greenland, 
Dr.  Bonney  proceeds  to  a  still  wider  view  of  glacial  phenomena. 

With  regard  to  Arctic  and  Antarctic  ice-sheets,  the  facts  collected 
by  explorers,  and  summarized  by  the  author,  give  him  such  a 
general  idea  of  the  conditions  prevailing,  and  the  processes  at  work 
daring  a  Glacial  Epoch,  as  follows: — (1)  There  must  have  been 
a  mean  annual  temperature  not  exceeding  32^  F.  (2)  A  fair 
amoant  of  precipitation,  chiefly  as  snow.  (3)  An  expanse  of  hilly 
Qpland  ;  huge  rolling  fells  being  more  favourable  than  lofty  peaks 
and  deep  valleys ;  the  latter  would  be  a  region  of  gigantic  glaciers, 
becoming  confluent  outside  the  hill-region.  (4)  A  general  gradual 
alope,  for  the  extension  of  the  ice.  (5)  Proximity  of  the  sea, 
although  favouring  precipitation,  would  restrict  the  advance  of  the  ice. 
There  is  heavier  precipitation  on  the  Antarctic  coasts,  and  steeper 
and  more  uniform  surface-slopes;  hence  their  valley -glaciers  are  far 
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greater  than  those  of  Greenland,  and  oTerj  slope  becomes  an  ice-field 
moving  outwards  and  downwards  to  the  bed  of  the  sea  (p.  68). 

llie  Alaska  glaciers  furnish  many  interesting  facts.  At  the  end  of 
the  great  Malaspina  glacier  portions  of  the  old  snbmarine  morainio 
material  (at  least  4000  feet  thiok)  have  been  faulted  ap  along  eight 
to  ten  miles  into  hills  at  least  8000  feet  high,  within  the  recent 
period.  Part  of  the  glacier  is  covered  by  moraine  with  forests. 
The  glacier  itself  is  seen,  in  natural  sections,  to  lie  on  unconsolidated 
gravel  and  clay ;  and  the  surface-waters,  forming  tunnels  in  the  ice, 
carry  much  coarse  debris  into  the  subglacial  drainage,  and  help  to 
form  ridges  of  gravel  and  sand  not  unlike  '*  kames  '*  and  "  eskers  *' 
(p.  74). 

The  relation  of  glnciers  to  "  lake-basins  "  is  then  taken  in  hand 
(pp.  79-94).  An  abrading,  but  not  any  appreciable  excavating , 
power  is  allowed  to  glaciers.  Although  the  occurrence  of  lake-basios 
frequently  coincides  with  glaciated  regions,  yet  many  such  lakes 
occur  where  no  glaciers  have  been,  and  none  occur  at  some  places 
which  glaciers  have  traversed  ;  and  **  the  direct  evidence  generally 
is  adverse  to  the  excavatory  action  of  ice,  except  under  very  special 
circumstances."  Differential  earth-movements  are  real  causes  for 
such  sunken  basins. 

The  origin  of  the  **  Parallel  Roads  of  Glen  Roy  "  ooming  within 
the  range  of  glacial  possibilities,  is  here  discussed  (pp.  94-107),  after 
a  brief  description,  with  a  careful  exposition  of  views  hitherto  held 
— chiefly  those  advance<l  by  Jamieson  and  Prestwich.  The 
objections  to  a  marine  origin  for  these  ''  roads "  are  regarded  as 
insuperable.  It  is  difficult  to  account  for  a  local  glacier  huge  and 
solid  enough  to  dam  up  so  large  a  sheet  of  fresh  water  as  would  be 
required  to  form  these  marginal  terraces,  at  the  time  when  Glen  Roy 
itself  and  parts  of  neighbouring  valleys  were  free  from  ice ;  so  the 
subject  is  left  open  for  further  elucidation. 

The  origin  of  the  isolated  mounds  of  gravel  and  sand  known  as 
** kames"  and  "eskers"  is  also  found  to  be  too  difficult  for 
definite  explanation,  even  by  one  so  experienced  in  ice  as  the  author. 
He  gives  the  views  of  several  writers;  and,  indicating  the  weak 
points,  he  cautiously  concludes  that,  possibly,  if  these  ridges  be  the 
leavings  of  ice-sheets,  the  hypothesis  of  subglacial  rivers  offers 
fewest  difficulties ;  but  more  probably  they  may  be  relics  of  beds  of 
rivers  of  melting  ice  and  snow  in  the  later  part  of  the  Glacial  Epoch. 
**  Druralins"  are  also  treated  of;  described  by  others  as  large  longi- 
tudinal mounds  of  clay  and  stones.  They  are  probably  of  sub- 
glacial origin  (that  is,  under  glaciers). 

Both  the  merely  local  and  the  more  continuous  evidences  of  ice- 
action  in  Britain  are  succinctly  noticed  (pp.  120-192),  including  the 
Boulder-clay,  lower  and  upper,  and  the  intermediate  Glacial  Sands 
and  Gravels,  especially  of  Norfolk,  Yorkshire,  the  Midlands, 
Cheshire,  and  Moel  Tryfaen — also  of  Suffolk,  Essex,  and  Middlesex. 
The  distribution  of  boulders  from  four  main  centres  of  dispersion  is 
carefully  detailed.  The  proofs  of  glaoiation  in  Scotland  and  Ireland 
are  considered  (pp.  192-205),  like  those  in  England  and  Wales,  with 
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reference  to  their  probable  causes,  in  the  light  of  what  is  known 
(and  brought  forward  as  facts  in  the  foregoing  cliapters  of  the  book) 
of  the  conditions  under  which  ice  covers  and  acts  on  mountains, 
plains,  and  valleys  in  other  parts  of  the  world. 

Based  on  the  inferences  drawn  from  facts,  two  kinds  of  explanation 
have  been  offered ;  one  referring  to  Land-ice  on  the  large  scale,  the 
other  to  Submergence  and  Floating  ice.  llie  value  of  and  objections 
to  each  hypothesis  are  carefully  and  conscientiously  stated.  The 
objections  to  the  extreme  Land-ice  hypothesis  are  apparently  the  less 
easy  of  removal. 

Ice-work  in  Europe  and  other  parts  of  the  world ;  the  possible 
causes  of  a  Glacial  Epoch  (its  low  temperature  has  not  yet  been 
satisfactorily  accounted  for)  ;  the  number  of  Glacial  Epochs  that 
may  have  occurred  (the  author  thinks  it  probable  that  only  once 
before  the  Pleistocene,  that  is  in  Carbo-Permian  times,  such  a 
prevalence  of  Glacial  conditions  occurred)  —  also  receive  due 
attention. 

The  last  chapter  (pp.  270-284)  reviews  the  main  facts  concerning 
ice  and  glacial  deposits,  and  the  general  principles  of  interpretation ; 
and  would  be  well  worth  reproducing  here,  but  much  of  it  is  repre- 
sented in  what  goes  before.  Dr.  Bonney  wisely  concludes  that  more 
information  is  still  required,  and  especially  of  the  effects,  habits,  and 
physical  properties  of  large  masses  of  Polar  ice ;  but  he  believes 
^  that  enough  has  been  already  ascertained  to  enable  the  student  to 
distinguish  how  far  an  hypothesis  is  an  induction  from  fads ,  and  how 
&r  it  is  an  offspring  of  the  imagination." 


IL— The  Gkoloot  and  Scenkrt  of  Sutherland.  By  H.  M. 
Cadill,  of  Grange,  B.Sc,  F.R.S.E.,  F.G.S.,  etc.  Second 
Edition.  8vo,  pp.  108,  with  8  full -page  and  13  smaller 
illustrations,  and  2  maps.     (Edinburgh  :  D.  Douglas,  1896.) 

rilHE  first  edition  of  this  book  came  out  in  1886 :  since  that  time 
X  new  and  interesting  discoveries  have  been  made  by  geologists 
in  the  North-west  Highlands,  allowing  this  new  edition  to  be 
prepared  on  a  wider  basis  and  with  more  detail.  How  greatly  the 
Wwledge  of  the  geological  structure  of  a  country  can  benefit  the 
traveller,  tounst,  and  others  wandering  over  hill  and  dale,  for 
pleasure  or  duty,  has  been  talked  of  and  written  about  ever  since 
geology  was  first  really  studied.  Even  now  the  eyes  of  many, 
tliough  educated  to  recognize  the  lights  and  shades,  the  tints  and 
Goloars  of  earth  and  sky,  are  blind  to  the  striking  evidence  why  the 
earth  presents  such  various  features  of  heights  and  flats,  of  steep 
cliffs,  jagged  ridges,  and  soft  slopes,  which  reflect  the  phenomena 
loQght  for  by  the  artist,  but  apathetically  seen  by  the  multitude. 

Scotland  is  not  only  a  *'  meet  nurse  for  the  poetic  child,"  but  has 
Wn,  and  yet  will  be,  the  real  parent  of  many  geological  men  and 
^»men,  who  can  find  pleasure  in  an  intelligent  view  of  her  scenery, 
and  enable  others  to  benefit  by  similar  knowledge,  both  in  its 
sitbetio  and  more  practical  advantages.     A  list  of  selected  books 
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•nd  memoirs  oonceming  this  matter,  with  reference  to  Sutherland, 
is  ^ven  bj  Mr.  Cadell  at  pages  16  and  16. 

The  geology  and  scenery  of  North-western  Scotland  are  then 
described  in  some  detail,  with  the  latest  information,  and  in 
oonimonplaoe  language,  as  far  as  the  subject  will  allow,  the  author 
attempting,  more  or  less  successfully,  to  make  it  light  literature. 
The  foundation-rock  or  basement  is  the  *'old  gneiss,"  composed  of 
crumpled  sheets  of  mineral  matter,  penetrated  throughout  by  veins 
of  other  kinds  of  rock,  relatively  harder  or  softer,  that  have  either 
filled  its  cracks  or  made  their  way  into  it. 

The  history  of  the  ''  Gneiss  "  seems  to  us  to  be  romantic  As 
with  mythic  heroes,  its  origin  or  parentage  is  doubtful  or  unknown. 
Its  record  begins  with  the  evidence  of  the  troubles  it  underwent, 
overcoming  difficulties  by  giving  way  to  them,  and  becoming 
self-consistent  and  harder  (fig.  opposite  p.  36).  So  it  presented 
a  tough  and  jagged  surface,  which  the  envious  ocean  smothered  with 
sand  and  pebbles  (fig.  1,  p.  46).  Then,  Titan-like,  it  forced  its  way 
upwards  with  the  superincumbent  burden  (^g,  2,  p.  47)  ;  to  be  cut 
down  to  a  level  by  long  wear  and  tear  of  the  water-world,  and  again 
entombed  by  inimical  agencies  (fig.  3).  At  last,  within  the 
"  to-day  "  of  some  millions  of  our  years,  it  has  once  more  regained 
its  land-level;  and  now  exhibits  (in  Scrishven,  Quinag,  Canisp, 
Suilven,  and  Coulmore ;  and  along  the  region  from  Durness  and 
£riboll  on  the  north,  to  Ullapool  on  the  south)  evidences  of  the  victory 
of  its  persistent  upward  movement,  bearing  a  load  of  trophies  from 
its  primeval  entombments.  Fig.  4,  p.  48,  shows  these  results  of 
'*  latest  upheaval,  tilting,  and  denudation."  The  same  kind  of 
natural  forces  which  originally  folded  and  crumpled  the  gneiss, 
still  squeezing  both  the  underlying  and  the  overlying  rocks  and 
Atrata,  elevated  this  region,  as  also  other  parts  of  the  earth's  crust, 
by  causing  undulations  and  foldings  to  rise  above  the  general  level ; 
and  gave  them  side-movements  and  lateral  thrusts,  which  broke 
them  into  sloping  segments  and  pushed  them  one  over  another  for 
a  distance  of  even  ten  miles.  The  pressure  of  the  displaced  rock- 
masses  one  on  another,  along  the  planes  of  the  thrusts,  has  ground 
down  their  surfaces  into  material  differing  from  the  original — now 
fragmentary  and  granular,  and  yet  not  due  to  any  deposition  in 
water. 

These  violent  changes  in  position  and  substance  of  the  rocks  con- 
fused the  early  observers,  and  were  very  gradually  realized,  and  only 
of  late  elucidated,  by  many  enthusiastic  geologists  giving  time 
and  labour,  for  pleasure  or  duty,  among  the  wild  highlands  of 
Sutherland. 

An  interesting  chapter  (pp.  68-76)  details  the  circumstances 
under  which  the  author  carried  on  some  experiments,  with 
alternating  layers  of  stucco-powder  or  foundry-loam  and  of  damp 
sand,  squeezed  horizontally  in  a  suitable  press-box.  A  succession  of 
obliquely  faulted  segments  of  one  band,  riding  one  over  another  at 
the  point  d*nppui  in  the  box,  aj^reeably  represented  the  structure  of 
Arkle  or  Creag  Dionard.      Another  series  of  such  thrusts  on  a  small 
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icale,  sliding  along  the  base  band,  itself  traversed  by  long  oblique 
faults,  represented  Glasven  in  miniature.  In  otber  experiments  the 
mass  of  faulted  bands  tended  to  ourye  forwards  and  downwards  on 
and  beyond  the  faulted  basement,  thus  giving  ''  an  elementary  model 
of  parts  of  Ben  More,  Brebag,  Ben  Thuarain,  and  other  mountains  " 
(p.  74).  The  probable  behaviour  of  the  earth's  internal  mass  under 
the  regions  of  such  faults  and  thrusts  is  considered,  with  reference 
to  another  experiment  (fig.  11). 

The  schists,  eruptive  rooks,  and  Old  Bed  Sandstone  of  the  rest  of 
Sutherland,  also  the  remaining  evidences  of  the  Great  Ice  Age,  and 
the  relics  of  Jurassic  strata  and  ooal  at  Brora,  are  succinctly  treated. 
The  interesting  but  not  very  productive  gold-field  of  Sutherland  has 
a  short  chapter  (pp.  95-108). 

The  excellent  illustrations  of  the  local  ''  bens  "  and  glens,  and  the 
two  good  maps,  add  much  value  to  the  book.  One  map  gives  the 
relative  height  of  the  land  ;  and  the  other  deals  with  the  geological 
structure.  It  has  a  careful  diagrammatic  section  of  the  strata  from 
Cape  Wrath  to  the  border  of  Caithness;  and  a  useful  diagram 
showing  the  successive  stages  of  rocks  and  strata,  with  their  uncon- 
formities, displacements,  and  intrusions. 

The  information  given  in  this  little  book  on  Sutherlandshire, 
brought  together  by  a  well-informed,  enthusiastic,  and  trustworthy 
geologist,  and  not  easily  accessible  otherwise,  will  be  very  useful  to 
geologists  at  home  or  in  the  field;  and  ought  to  be  in  the  hands 
of  tourists,  whether  artist,  sportsman,  yachtsman,  or  idler. 
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I.— February  26th,  1896.— Dr.  Henry  Hicks,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  "  On  the  Structure  of  the  Plesiosaurian  Skull."  By  Charles  W. 
Andrews,  Esq.,  B.Sc,  F.G.S. 

Owing  to  the  imperfection  of  the  specimens  described,  various 
previous  accounts  ot  the  Plesiosaurian  skull  are  incomplete,  and 
differ  from  one  another  in  important  particulars.  There  is  in  the 
National  Collection  a  fine  skull  of  Pleniosaurus  macrocephalus  which 
has  lately  been  cleared  from  the  matrix,  with  a  description  of 
which  the  present  communication  is  mainly  occupied,  though  other 
specimens,  which  are  of  assistance  in  clearing  up  some  difficulties, 
are  also  noticed.  The  author  particularly  considers  the  structure  of 
the  palate,  and  only  such  points  in  the  structure  of  the  rest  of  the 
skull  as  add  to  or  are  at  variance  with  previous  descriptions  are 
considered. 

The  author's  observations  indicate  that  a  general  similarity  of 
palatal  structure  among  reptiles  does  not  necessarily  imply  any 
close  relationship ;  but  the  very  great  resemblances  existing  between 
the    Plesiosaurian   and    Bhyuchocephalian    palates,    reiniorccd    by 
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numeroas  other  points  of  resemblance  in  these  skeletons  noted 
by  Baur,  lead  to  the  conclusion  that  the  Plesiosauria  are  descended 
from  a  primitive  Rbynchocephaiian  reptile,  as  already  opined  by 
Baur,  Boulenger,  and  others. 

2.  ''On  certain  Qranophyres,  modified  by  the  Incorporation  of 
Gnbhro  Fragments,  in  Strath  (Skye)."  By  Alfred  Barker,  Esq., 
M.A.,  F.G.S.  (Communicated  by  permission  of  the  Director- 
General  of  the  Geological  Survey.) 

The  rocks  described  form  a  group  of  irregular  intrusions,  the 
largest  less  than  a  mile  in  length,  situated  in  the  tract  of  volcanic 
agglomerate  north  and  west  of  Loch  Kilchrist  They  differ  from 
the  normal  granophyres,  abundantly  developed  in  the  neighbourhood, 
in  being  darker,  denser,  and  manifestly  richer  in  the  iron-bearing 
minerals,  while  in  places  are  seen  numerous  small  rock-fragments 
evidently  of  extraneous  origin. 

The  fragments  are  mainly  of  gabbro.  Closer  examination  shows 
that  they  have  been  abundantly  distributed  through  the  granophyre, 
but  most  of  them  have  been  more  or  less  completely  dissolved. 
The  clearest  evidence  of  this  is  afforded  by  the  augite  of  the  gabbro, 
which  has  been  less  readily  attacked  by  the  magma  than  the 
other  minerals,  and  is  seen  in  isolated  crystals  in  various  stages  of 
conversion  to  hornblende.  The  material  dissolved  has  rendered  the 
acid  magma  less  acid,  and  has  influenced  accordingly  the  products 
of  final  consolidation.  The  granophyre  is  roughly  estimated  to 
Lave  taken  up  about  one- fourth  of  its  mass  of  gabbro,  and  this 
material  has  been  derived,  not  from  the  rocks  seen  in  contact  with 
the  intrusions,  but  from  some  subterranean  source. 

3.  "  Observations  on  the  Geology  of  the  Nile  Valley,  and  on  the 
Evidence  of  the  greater  Volume  of  that  River  at  a  former  Period." 
By  Prof.  E.  Hull,  M.A.,  LL.D.,  F.R.S.,  F.G.S. 

The  author  draws  attention  to  the  two  great  periods  of  erosion  of  the 
Nile  Valley — the  first  during  the  Miocene  period,  after  the  elevation 
of  the  Libyan  region  at  the  close  of  Eocene  times,  and  the  second 
during  a  **  pluvial  "  period  extending  from  late  Pliocene  times  into 
and  including  the  Pleistocene.  He  notes  the  course  of  the  river 
through  escarpments  of  the  granitic  and  schistose  rocks  of  Assuan, 
the  Nubian  Sandstone,  the  Cretaceous  limestone,  and  the  Eocene 
limestone;  and  observes  that  in  places  the  line  of  erosion  of  the 
primeval  Nile  was  directed  by  dislocations  of  the  strata.  Evidence 
of  the  unconformity  of  the  Nubian  Sandstone  upon  the  granites 
and  schists  of  Assuan  is  given,  and  some  observations  made  upon 
the  age  of  the  different  parts  of  the  Nubian  Sandstone. 

In  the  second  part  of  the  paper  the  terraces  of  the  Nile  Valley 
are  described,  and  full  details  given  of  the  characters  of  a  second 
terrace,  at  a  height  varying  from  60  to  100  feet  above  the  lower 
one,  which  is  flooded  at  the  present  day.  The  second  terrace  is 
devoid  of  vegetation,  and  its  deposits  have  frequently  furnished 
river-shells  such  as  Cyrena  fluminaliSf  j^iheria  seminulntaf  Unto, 
Paludina,  etc.  The  second  terrace  is  traceable  at  intervals  for 
a  distance  of  between  600  and  700  miles  above  Cairo.     Two  old 
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river-obannels  are  also  desoribed — one  at  Roru  Oinbo,  and  the  other 
at  ilsfiuan  itself.  The  author  discusses  the  mode  of  origin  of  the 
Beoond  terrace  and  the  old  river- valleys,  and  believes  them  to  be  due 
to  the  former  greater  volume  of  the  river,  and  not  to  subsequent 
erosion  of  the  vallej.  He  gives  further  evidence  of  the  existence 
of  meteorological  conditions  sufficient  to  give  rise  to  a  ''pluvial" 
period,  and  points  out  that  other  authors  have  also  considered  that 
the  volume  of  the  Nile  has  been  greater  in  former  times. 

4.  "  The  Fauna  of  the  Keisley  Limestone.— Part  I."  By  F.  R. 
Cowper  Heed,  Esq.,  M.A.,  F.G.S. 

The  author  has  examined  a  very  full  series  of  fossils  from  the 
Keisley  Limestone  of  Westmoreland,  and  proposes  to  describe  the 
fauna  of  the  limestone.  In  this  (first)  part  of  the  paper  a  description 
of  the  trilobites  is  given.  He  recognizes  about  forty  species,  belonging 
to  ten  families.  Several  of  the  forms  are  new,  whilst  others  have 
previously  been  described,  and  many  of  them  occur  in  the  limestone 
of  the  Chair  of  Eildare  and  the  Le/^/^ena- limestone  of  Daleoarlia. 


n.— March   11th,  1896.— Dr.  Henry  Hicks,  F.R.S.,   President,  in 

the  Chair. 

The  President  announced  that,  in  connection  with  the  Hungarian 
Millennial  Exhibition,  a  Congress  of  Mining  and  Geology  would  be 
held  at  Budapest  on  September  25th  and  26th,  1896. 

The  following  communications  were  read  : — 

1.  "  On  an  Alpine  Nickel- bearing  Serpentine  with  Fulgurites." 
By  Miss  E.  Aston.  B.Sc.  With  Petrographical  Notes  by  Prof.  T.  G. 
Bonney.  D.Sc,  LL.D.,  F.RS.,  V.P.G.S. 

The  specimens  described  were  collected  on  the  summit  of  the 
RiSelhorn  (near  Zermatt)  by  Prof.  W.  Ramsay,  F.R.S.,  and  J.  Eccles, 
Ewj.,  F.G.S.  As  they  showed  some  very  well-marked  "lightning- 
tubeB,"  the  former  thought  that  possibly  analyses  might  prove 
interesting.  These  were  undertaken  by  Miss  Aston  at  University 
College,  London.  The  rock  is  a  serpentine,  somewhat  schistose  from 
pressure,  which  has  been  formed  by  the  alteration  of  a  rock  chiefly 
cumposed  of  olivine  and  augite.  One  of  the  analyses  gives  4*92 
per  cent,  of  nickel  oxide  and  hardly  any  lime.  Prof.  Bonney 
detected  some  awaruite  under  tlie  microscope,  but  not  nearly  enough 
to  account  for  the  analysis.  Reasons  are  given  to  show  that  the 
nickel  oxide  probably  replaced  lime  in  the  pyroxenio  constituent  of 
the  rock. 

The  tubes,  about  -jV  inch  in  diameter,  are  round  in  section,  cleanly 
drilled,  and  lined  with  a  verv  thin  film  of  dark-brown  or  black 
glass.  The  microscopic  structure  of  this  is  described,  as  well  as 
that  of  glass  made  by  melting  the  rock  with  a  blow-pipe  (using 
oxygen).  Some  fulgurite-glass  from  the  Hornli  has  also  been 
examined  (much  resembling  that  'lescribed  by  Mr.  Rutley  from 
Monte  Viso^  and  an  analysis  of  this  rock  is  given. 

2.  "The  Pliocene  Glaciation,  Pre-Glacial  Valleys,  and  L;ike- 
Basins  of  Subalpiue  Switzerland  ;  with  a  Note  on  the  Microscopio 
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Structure  of  Tavayanaz  Diabasic  Tufa."     By  C.  S.  Du  Riohe  Preller, 
M.A.,  Ph.D.,  F.G.S..  F.C.S.,  A.I.M.I.E.,  M.I.E.E. 

(1)  The  main  object  of  this  paper,  which  is  the  sequel  to  one  read 
last  session,  was  to  solve  the  problem  whether  the  Pliocene  glacio- 
fluviatile  conglomerates  of  the  Swiss  lowlands  were  deposited  on 
a  plateau  or  in  already  existing  valleys.  For  the  purpose  of  this 
inquiry,  the  author  examined  last  summer  a  large  additional  number 
of  glacial  high-  and  low-level  deposits  throughout  the  Ziirioh  Valley, 
over  an  area  more  than  40  miles  in  length ;  and  his  investigations 
further  led  him  to  important  conclusions  with  respect  to  the  com- 
bination of  causes  which  determined  the  formation  of  the  lake-basios 
lying  in  the  same  zone  at  the  foot  of  the  Alps. 

(2)  The  author  established  the  true  characteristics  of  the  Pliocene 
nagelfluh  as  distinguished  from  Miocene — purely  fluviatiie  con- 
glomerate on  the  one  hand,  and  from  glacio  fluviatiie  Pleistocene 
gravels  on  the  other.  With  respect  to  the  origin  of  the  Pliocene 
conglomerate,  he  contended  that  the  material  composing  the  same 
was  not  transported  from  a  great  distance,  but  was,  in  the  main, 
derived  from  the  enormous  accumulations  of  Miocene  nagelfluh  at 
the  foot  of  the  Alps.  Specimens  of  Miocene  nagelfluh-pebbles  were 
exhibited,  including  the  so-called  '<  Tavayanaz  Sandstone,"  which 
the  author,  in  an  appendix  to  the  paper,  showed  to  be  diabasic  tufa. 

(3)  The  author  described  in  detail  a  variety  of  glacial  exposures, 
and  showed  that  Pliocene  nagelfluh  in  aitu,  of  which  he  exhibited 
numerous  specimens,  occurred  not  only  on  the  ridges  of  the  hills, 
hut,  at  a  gradually  ascending  level,  also  at  and  near  the  floor  of  the 
Ziirich  Valley. 

Hence  he  contended  that  at  the  advent  of  the  flrst  glaciation  the 
Zurich  Valley  was  already  eroded,  and  that,  consequently,  the  term 
"  Dechenschotter,"  or  plateau -gravel,  was  not  strictly  applicable  to 
the  Pliocene  glacio-fluviatile  deposits  of  the  Swiss  lowlands.  In  his 
view,  the  isolated  high-level  deposits  were  formed  during  the  inter- 
mittent shrinkage  of  the  Upper  Pliocene  ice-sheet,  while  the  low- 
level  deposits  were  formed  during  the  subsequent  recession  of 
individual  glaciers  left  in  the  several  valleys. 

(4)  The  author  reconstructed  the  pre-Glacial  floor  of  the  Zurich 
Valley  upon  the  evidence  of  the  solid  rock  and  of  the  low-level 
Pliocene  nagelfluh  deposits,  with  the  result  that  the  depth  of  the 
lower  part  of  the  Valley  was  approximately  that  of  the  present  day, 
while  the  floor  of  the  upper  part  was  at  a  higher  level  (maximum, 
800  feet  above  present  lake- level),  and  was  subsequently  lowered  by 
earth -movements.  He  further  adduced  evidence  that  the  Subalpiue 
valleys  of  the  Eeuss,  Aare,  and  Rhine  were  likewise  excavated 
before  the  flrst  glaciation.  By  calculation,  he  arrived  at  an  estimate 
of  the  time  required  for  the  excavation  of  the  Ziirich  Valley,  and 
contrasted  the  erosive  energy  of  the  river  with  the  impotence,  on 
mechanical  grounds,  of  a  glacier  7000  times  larger  in  volume. 

(5)  The  author  showed  that  the  Lake  of  Ziirich  owes  its  origin,  in 
the  first  instance,  to  a  zonal  subsidence  (probably  between  the  first 
and  second  glaciation)  of  about   1000   feet,   as  evidenced   by  the 
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reversed  dip  of  the  disturbed  molasse-strata  between  the  lakes  of 
Ziirioh  and  Zag.  During  the  second  and  third  Ice-periods,  the 
original  lake-basin  was  gradually  filled  with  glacial  and  fluviatile 
deposits  at  both  ends,  and  was  finally  restricted  to  its  present 
dimensions  by  a  post-Glacial  bar  deposited  at  its  lower  end  by 
a  tributary  river.  In  the  author's  view,  the  other  Subalpine  lakes, 
extending  from  the  Lake  of  Constance  to  Lac  Bourget  in  Savoy, 
owe  their  origin  and  present  limits,  in  the  main,  to  the  operation  of 
ftimilar  causes. 

(6)  With  regard  to  the  main  question,  the  author  averred  that  the 
Lower  and  Middle  Pliocene  period  was,  in  Switzerland,  entirely  one 
of  erosion  and  denudation  on  a  prodigious  scale.     Irrespective  of  the 
evidence  he  had  adduced,  he  was  therefore  driven  to  the  conclusion 
that  at  the  advent  of  the  first  Ice-period  in  Upper  Pliocene  times, 
the  principal  Subalpine  valleys  must  have  been  already  excavated 
approximately  to  their  present  depth ;  and  that  ever  since  then  the 
tction  of  the  great  Alpine  and  Subalpine  rivers  has  been,  as  it  is 
still  in  our  own  day,  mainly  directed  to  regaining  the  old  valley- 
floors  by  removing  those  enormous   accumulations  of  glacial  and 
giacio-fluviatile   material,    which  are  respectively   the    direct  and 
indirect  products  of  three  successive  and  general  glaciations. 

3.  "Notes  concerning  certain  Linear  Marks  in  a  Sedimentary 
Bock."     By  Prof.  J.  E.  Talmage,  D.Sc.,  F.G.S. 

llie  marks  described  in  the  paper  occur  in  a  fine-grained  argil* 
laoeous  sandstone  referred  by  the  U.S.  Geological  Survey  to  tlie 
Triassic  or  Jura-Trias  period,  which  is  found  on  a  low  tableland 
within  two  miles  of  the  bluffs  overlook'ing  Glen  Canyon.  The 
marks  commonly  appear  as  straight  lines  intersecting  at  right  angles, 
but  some  have  a  pinnate  distribution,  suggesting  engravings  of  frost- 
flowers.  A  description  of  the  markings  is  given  ;  and  various  experi- 
ments made  in  the  laboratory  to  illustrate  the  effects  of  formation  of 
crystals  formed  over  sediment  are  described. 


III.— March  25th,  1896.— Dr.  Henry  Hicks,  F.B.S.,  President,  in 
the  Chair.     The  following  communications  were  read : — 

1.  ''On  Submerged  Land-surfaces  at  Barry,  Glamorganshire." 
By  A.  Strahan,  Esq.,  M.A.,  F.G.S.  With  Notes  on  the  Fauna  and 
Flora  by  Clement  Eeid,  Esq.,  F.L.S.,  F.G.S.,  and  an  Appendix  on 
the  Microzoa  by  Prof.  T.  Rupert  Jones,  F.R.S.,  F.G.S.,  and  F. 
Chapman,  Esq.,  F.R.M.S.  (Communicated  by  permission  of  the 
Director-General  of  H.M.  Geological  Survey.) 

Excavations  for  a  new  dock  at  Barry  have  disclosed  a  series  of 
^resh-water  or  slightly  estuarine  silts  with  intercalated  peats,  below 
sea-level  on  the  north-eastern  side  of  the  island.  The  site  of  the 
excavation  was  overflowed  by  the  tide  until  the  year  1884,  when  the 
docks  were  commenced.  The  newest  deposits  seen  are  therefore 
Blown  Sand,  Scro&ictt^ana-clay,  and  sand  or  shingle  with  recent 
i&arine  shells. 

These  rest  on  an  eroded  surface  of  blue  silt,  with  sedges  in 
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position  of  growth.  Four  peat-beds  occur  in  this  silt,  at  4,  11,  20, 
and  35  feet  below  Ordnance  datum  respectively.  The  uppermost 
peat  contains  a  seam  of  shell-marl,  partly  composed  of  the  shells  of 
ostracoda  and  partly  of  Bythinia,  lAmncBa^  etc.  The  second  is  a 
mass  of  matted  sedges.  The  third  is  a  land-surface,  and  in  places 
consists  almost  wholly  of  timber  with  the  stools  and  roots  in  situ. 
The  fourth  is  also  an  old  land-surface,  as  is  proved  not  only  by  the 
presence  of  roots  in  place  beneath  it,  but  by  numerous  land-shells. 
A  fragment  of  a  polished  flint-celt  was  found  by  Mr.  Storrie 
imbedded  in  the  lower  part  of  the  uppermost  peat. 

By  a  comparison  with  the  existing  maritime  marshes  of  the 
neighbourhood,  it  is  shown  that  the  fourth  peat  indicates  a  sub- 
sidence of  not  less  than  55  feet. 

The  sea  encroached  upon  the  area  in  consequence  of  this  sub- 
sidence. It  entered  by  the  lowest  of  three  low  cols  in  the  southern 
water-parting  of  the  Cadoxton  river,  thus  isolating  the  portion  of 
land  now  known  as  Barry  Island.  A  slight  further  movement 
would  have  converted  the  water-parting  into  a  chain  of  islands. 

2.  '*  On  a  Phosphatic  Chalk  with  Holasler  planus  at  Lewes."  By 
A.  Strahan,  Esq.,  M.A.,  F.G.S.  With  an  Appendix  on  the  Ostraco<la 
and  Foraminifera  by  F.  Chapman,  Esq.,  F.R.M.S.  (Communicated 
by  permission  of  the  Director-General  of  H.M.  Greologioal  Survey.) 

This  rock,  which  occurs  at  the  base  of  the  Upper  Chalk,  at  the 
horizon  of  the  Chalk  Eock,  does  not  exceed  1^  foot  in  thickness,  and 
persists  for  a  few  yards  only.  In  composition  and  microscopic 
character  it  presents  a  close  analogy  to  the  Taplow  phosphatic 
deposit,  which,  however,  occurs  at  the  top  of  the  Upper  Chalk. 
Like  it,  it  consists  of  brown  phosphatic  grains  imbedded  in  a  white 
chalky  matrix.  The  grains  include  a  large  number  of  pellets, 
attnbutable  to  small  fish,  phosphatized  foraminifera,  chips  of  bone, 
etc.     Fish-teeth  also  occur  in  abundance. 

To  complete  the  resemblance,  the  Lewes  deposit  rests  on  a  floor 
of  hard  nodular  chalk,  beneath  which  is  a  white  chalk  traversed  by 
irregular  branching  pipes  filled  with  the  brown  variety.  Such 
'*  floors  "  are  attributed  to  concretionary  action  ensuing  upon  a  pause 
in  the  sedimentation.  The  piped  chalk  is  compared  with  the 
structure  known  as  Spongia  parudoxica. 

It  is  concluded  that  phosphatized  deposits  may  occur  at  any 
horizon  in  the  Chalk ;  that  the  phosphatization  is  due  to  small  fishes, 
attracted  by  an  unusual  abundance  of  food ;  that  they  are  shallow- 
water  deposits,  and  associated  with  a  pause  or  change  in  the 
sedimentation. 

Mr.  Chapman  furnishes  a  list  of  42  species  and  varieties  of 
Foraminifera  and  6  species  of  Ostracoda.  The  former  indicate  a 
deeper  water  origin  than  do  those  of  the  Taplow  Chalk.  He  notes 
the  occurrence  for  the  first  time  in  this  country  of  Oypsina  Coeta, 
Marrson. 

3.  "  On  the  Classification  of  the  Strata  between  the  Eimeridgian 
and  the  Aptian."  By  Dr.  A.  P.  Pavlow,  Professor  of  Geology  in 
the  University  of  Moscow,  For.  Corr.  G.S. 
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In  this  paper  the  author  discnsses  the  new  evidence  respecting  the 
palsBontology  of  the  Lower  Cretaceous  and  Upper  Jurassfo  deposits 
of  Russia  which  has  come  to  light  since  the  publication  by  himself 
and  Mr.  Lamplugh  of  "  Les  Argiles  de  Speeton  et  leurs  Equivalents  " 
(Moscow,  1892).  He  is  now  enabled  to  fix  with  certainty  the 
zones  of  SopHtes  Rtaaensia  and  Olcostephanua  hopHtoides  of  the 
provinces  of  Riasan  and  Simbirsk,  and  is  thus  in  a  position  to  correct 
and  complete  his  former  classification  of  the  Upper  Jurassic  and 
Lower  Cretaceous  rocks  of  Russia,  and  to  define  more  strictly  their 
relationship  to  the  equivalent  strata  of  other  countries. 

The  whole  of  the  Petchorian  Series — that  is,  the  zones  of 
Ammonit€»  aienomphalus  and  Amm,  Keyserlingi — is  now  regarded 
88  Lower  Neocomian  of  a  hitherto  unknown  boreal  type,  notwith- 
standing the  affinity  of  its  fautia  with  that  of  the  underlying  Jurassic 
(Aquilonian)  strata.  The  author  is  thus  led  to  carry  up  into  the 
Cretaceons  the  corresponding  stages  in  Western  Europe,  including 
the  upper  part  of  the  zone  of  Behmnitea  lateralia  of  Speeton  and 
Lincolnshire,  the  Upper  Berriasian  of  South-eastern  France,  and 
probably  the  Hils  Beds  of  Germany,  instead  of  classing  these  with 
the  Jurassic  as  he  had  previously  done. 

A  table  is  given  in  which  the  detailed  correlation  of  the  rocks 
between  the'Kimeridgian  and  the  Aptian  of  the  various  regions  is 
attempted. 

The  comparison  of  the  beds  of  England  and  Germany  with  those 
of  Russia  is  supported  by  some  new  evidence  based  on  the  Aucella, 
four  species  of  which  are  described  as  occurring  in  the  Claxby 
Ironstone  and  Spilsby  Sandstone  of  Lincolnshire. 

In  conclusion,  the  author  shows  that  in  the  period  under  con- 
sideration the  shore-lines  of  Europe  have  been  shifted  by  slow 
progressive  movements  passing  latitudinal ly  through  the  region,  and 
that  these  movements  did  not  afifect  the  whole  area  simultaneously. 
Hence  many  complicated  interchanges  of  fauna  were  brought  about, 
which  can  only  be  unravelled  by  studying  the  whole  course  of 
events  over  wide  areas. 


OBITTJJLS,"^*- 


HON.    WALTER    BALDOCK    D.    MANTELL,    F.G.S. 

Born  in  1820.  Died  Sept.  7th,  1895. 

The  Hon.  Walter  Baldock  Durrant  Mantell,  F.G.S.,  was  the 
eldest  son  of  Dr.  Gideon  Mantell,  F.R.S.,  F.G.S.,  the  well-known 
Snftsex  geologist  and  discoverer  of  the  Iguanodon.  He  was  born  in 
1820,  and  left  England  for  New  Zealand  about  1840,  where  ho 
became  a  man  of  great  public  importance,  holding  the  posts  of 
Minister  for  Native  Affairs,  Postmaster-General,  and  Secretary  for 
Crown  Lands.  He  was  ever  mindful  of  the  interests  of  the  Maoris, 
and  sought  to  serve  them  to  the  utmost  of  his  power. 

In  1847  Mr.  Mantell  sent  home  the  first  remains  of  Notornts. 
These  were  described  by  Owen  as  belonging  to  an  extinct  form  ;  hut 
two  years  later,  in  1849,  Mantell  obtained  from  some  sealers  on  the 
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south  coast  of  Middle  Island  (now  called  the  South  Island,  where  he 
was  Government  Commissioner  for  the  Settlement  of  Native  Claims) 
a  skin,  together  with  the  skull  and  some  linih-bones,  of  a  Notornts 
recently  hunted  down  with  dogs,  and  killed  and  eaten  hy  these  men. 
Not  long  afterwards  another  smaller  skin  was  obtained.  Both  these 
specimens  are  preserved  in  the  Natural  History  Museum. 

llie  bird  was  apparently  unknown  to  the  Maoris,  but  there  are 
traditions  of  a  **  Swamp-Hen,"  called  on  the  North  Island  Moho,  and 
in  the  South  Takalii,  which  may  have  been  the  Notornts. 

In  1868  Mantell  read  a  paper  before  the  New  Zealand  Institute^ 
"On  the  Moa,"  in  which  he  insisted  that  these  birds  were  con- 
temporaries of  man,  their  remains  being  found  charred  and  broken 
in  the  Maori  ovens,  together  with  stone  implements.  He  also 
discussed  the  cause  of  the  extinction  of  the  Moa,  and  ascribed  it 
chiefly  to  the  agency  of  man.  a  view  now  generally  accepted. 

In  a  later  paper  read  before  the  Wellington  Philosophical  Society, 
1872,  he  discusses  statements  that  had  been  made,  that  Moa- bones 
bad  been  found  beneath  marine  deposits  with  extinct  shells;  and 
states  that  this  idea  arose  from  a  misapprehension  of  some  informa- 
tion supplied  by  him  to  his  father,  who  employed  it  in  his  paper 
before  the  Geological  Society.*  He  also  gave  an  account  of  some 
new  localities  in  which  Moa-remains  had  been  found,  including 
Waikonaiti  and  Te-Eangatapu.  In  the  latter  he  obtained  a  large 
number  of  fragments  of  Moa  eggs,  several  of  which  he  succeeded  in 
restoring.  Some  of  these  specimens  are  now  in  the  Natural  History 
Museum.' 

Mr.  Mantell  was  elected  a  Fellow  of  the  Geological  Society  in 
1868.  He  died  on  September  7th.  1895,  at  the  age  of  75  years. 
He  was  in  correspondence  with  Sir  William  Flower  at  the  time  of 
his  death,  as  to  a  further  donation  of  his  remaining  private  collection 
of  Moa-remains  to  the  British  Museum,  which  it  is  hoped  may  still 
be  made  by  his  representatives  at  Wellington,  New  Zealand. 


Geological  Survey. — We  learn  that  Mr.  J.  R.  Dakyns,  M.A.,  who 
joined  the  Geological  Survey  in  18G2,hfii8  just  retired  from  the  Service. 
Mr.  A.  Strahan,  M.A.,  has  been  promoted  to  the  rank  of  Geologist  on 
the  English  branch  of  the  Survey,  and  Mr.  C.  T.  Clough,  M.A.,  is 
similarly  promoted  on  the  Scottish  branch  (in  the  room  of  the  late 
Hugh  Miller).  The  two  vacancies  on  the  Staff  of  Assistant  Geologists 
are  filled  by  the  appointment  of  Mr.  T.  Crosbee  Cantrill,  B.Sc,  in 
England,  and  of  Mr.  E.  H.  Cunningham-Craig  in  Scotland. 

^  Trans.  New  Zealand  Institute,  vol.  i,  18G8. 

*  See  Quart.  Joum.  Geol.  Soc,  Feb.  2nd  and  22nd,  1848,  vol.  iv,  pp.  225-241. 
[The  woodcut  which  gave  rise  to  the  misapprehension  is  probably  that  on  p.  240.] 

'  See  Notice  of  the  Kemains  of  I)inorni»  and  other  Birds,  and  of  Foaaib  smI 
Rock-specimens,  recently  collected  by  Mr.  Walter  Mantell  in  the  Middls  JriMi 
of  New  Zealand.  By  6.  A.  Mantell.  With  Notes  by  £.  Forbes,  and  8kai  "  ' 
and  Notes  by  Walter  Mantell.    Quart.  Joum.  Geol.  Soc.,  n  (I860),  p.  Sift 
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Skeleton  of  Aptornis  defossor  (Owen),   New  Zealand. 

From  a  phol'^aph  by  A.  Uepf,  Esq. 
The  original  specimen  is  preserved  in  ihe  British  Museum  (Natural  History),  S.W. 
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I.— NOTB   ON   A  NSARLY  OOMPLETB   SkBLBTON  OF  APTORXfS  DEFOSSOU 

(Owen). 

BjG.  W.  A1CDBBW8,  B.Sc.,  F.G.S.,  of  the  British  Mnscum  (Natural  Ilistor)'). 

(PLATE  X.) 

IN  %  dolIeotioQ  of  bird-remains  sent  to  Dean  Buokland  from  North 
Island,  New  Zealand,  in  181:2,  Professor  Owen  noticed  a  tibia 
which  he  r^^rded  as  belonp^ng  to  a  very  small  species  of  Dinornis, 
to  which  be  gave  the  name  DInornis  otidiformis,  A  few  years  after- 
wards farther  material  showed  that  this  bird  was  not  Dinornithine 
at  all,  bat  was  probably  a  gigantic  flightless  rail,  and  it  was  there- 
fore referred  to  a  new  genus,  Aptornis,  Subsequently,  on  the 
evidenoe  of  a  nearly  perfect  skull,  considerably  larger  than  that 
of  A.  otidiformia,  a  second  species,  A,  de/oasor,  was  (lescribed,  and 
it  is  to  this  larger  form  that  the  fine  skeleton  figured  on  Plate  X 
belongs*  The  bones  from  which  this  specimen  was  reconstructed 
were  foand  in  1889,  by  Mr.  W.  S.  Mitchell,  in  a  chasm  in  the 
Limestone  at  Castle  Books,  Southland,  New  Zealand  ;  together 
with  them  ooourred  more  or  less  complete  skeletons  of  IlarpngorniH 
(both  species),  Noiomts,  a  large  species  of  Fnlica,  allied  to  that 
reoently  discovered  by  Dr.  H.  0.  Forbes  in  tiie  Cliatlmm  Islands, 
a  amaU  Oe^dromns,  Siringops,  Anas,  Apterijx,  and  also  Anomalopteryx 
didina  and  A,  didiformin,  A  very  interesting  account  of  the  mode 
of  oooorrence  of  these  remains  has  been  given  by  Mr.  A.  Hamilton, 
to  whose  papers '  those  interested  may  be  referred  for  further  infor- 
mation on  this  point.  The  same  writer  has  also  given  a  brief 
description,^  with  numerous  measurements,  of  the  bones  of  the 
species  with  which  we  are  now  concerned.  It  appears  that  the 
more  or  less  perfect  skeletons  of  several  individuals  were  found 
mingled  with  one  another;  and,  although  the  greater  number  of 
the  bones  constituting  the  present  specimen  no  doubt  belonged  to 

'  "  On  the  Fissures  and  Caves  at  thf  Castlo  Rooks,  Southljiiifl ;  with  a  Descriptioii 
f'f  tlii^  K(;Tn:iins  of  the  Existiiiir  and  Extinct  Birds  found  in  tln-rn":  Trans.  New 
Z-iiLuid  Institute,  vol.  xxv  (1892),  p.  88.  Also,  op.  eit.,  •*  He^ilt  of  further 
Expl.pnition  (.1  the  Bone-tissun;  at  the  Castle  Rocks'* :    vol.  xwi  (ls03\  p.  226 

•  *M>n  the  Genus  Aptomis^  witli  more  especial  reference  to  Aptornis  defouor 
(OwtD/  '* :    op.  cit.j  vol.  x.\iv  (18i»l;,  p.  175. 
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a  single  bird,  the  missing  ones  have  been  replaced  by  portions 
of  the  other  skeletons. 

A  figure  of  the  restored  skeleton  of  this  species  was  published 
by  Owen,  but  it  was  largely  conjectural,  and  as  far  as  the  vertebral 
column  is  concerned,  is  merely  a  magnified  Oeydromus,  dififering 
in  many  respects  from  the  present  specimen,  notably  in  the  larger 
number  of  vertebrsa  bearing  free  ribs.  It  is  of  course  possible  that 
some  may  have  been  omitted,  but  examination  of  the  column  as 
a  whole  does  not  bear  out  this  supposition,  the  various  processes 
nn<lergoing  quite  gradual  modification  in  form  and  size  when 
followed  from  one  region  to  another.  In  the  cervical  region  the 
most  remarkable  character  is  the  great  size  of  the  anterior  vertebne, 
resulting  from  the  enormous  development  of  the  various  ridges  and 
processes.  The  peculiar  long,  slender  coracoids  are  anchylosed 
with  the  much  reduced  sternum ;  by  Owen,  Fiirbringer,  and 
others,  these  bones  were  referred  to  Cnemiornia,  but  their  true 
nature  has  been  pointed  out  by  Forbes  and  Lydekker.  The  figure 
shows  the  probable  position  of  the  scapula  in  relation  to  the 
coracoid,  the  coraco-scapular  angle  being  very  obtuse,  as  in  most 
flightless  birds;  the  humerus  is  proportionately  small,  and  its 
pectoral  crest  is  reduced  to  a  mere  tubercle. 

The  large  pelvis  and  powerful  hind-limb  indicate  a  bird  well 
adapted  for  "  cursorial/'  and  probably,  as  Owen  suggested,  for 
**  rasorial "  habits. 

On  a  future  occasion  it  is  proposed  to  give  a  detailed  account 
of  the  more  important  characters  of  this  skeleton. 


II. — On  Enclosures  of  Glass  in  a  Basalt  neab   Bertrioh,  in 

THE   ElFEL. 
By  Mart  C.  Foley,  B.Sc. 

DURIN^G  a  short  holiday  spent  last  summer  in  the  Eifel,  I  was 
much  struck  with  the  occurrence  of  an  extremely  vesicular, 
dark-green  glass  in  the  lava  at  Bertrtch,  the  most  southerly  point 
of  the  district  at  which  traces  of  volcanic  action  are  to  be  met  with. 
It  lies  in  the  valley  of  the  Uessbach,  a  little  stream  that  flows  into 
the  Alf,  a  tributary  of  the  Moselle.  In  all  probability  the  ground 
on  which  Bertrich  now  stands  was  at  one  time  covered  with  lava, 
and  if  the  course  of  the  Uessbach  be  followed  for  about  a  mile  and 
a  half  above  the  town,  thick  patches  of  it  may  be  clearly  seen  on 
either  side  of  the  present  bed  of  the  stream,  all  traces  of  it  ceasing 
higher  up  the  valley.  It  is  well  exposed  in  a  quarry  known  as  the 
Miihlrech,  on  the  left  bank  of  the  Uessbach  immediately  below  the 
high  road  to  Kenfus,  and  about  a  mile  above  Bertrich.  Here 
the  lava  exhibits  a  fine  section  about  90  feet  high,  but  it  is  being 
rapidly  cleared  away  for  road  metal.  The  quarry  lies  immediately 
at  the  month  of  a  side-valley  called  the  Miillischwiese,  which 
commences  near  the  foot  of  the  Falkenlei,  one  of  the  three  craters 
that  overshadow  Bertrich,  and  gently  slopes  down  for  a  distance  of 
aboat  three-quarters  of  a  mile  into  the  valley  of  the  Uessbach.    The 
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lava  which  oan  he  thus  so  easily  traced  down  to  Bertrich  is  part  of 
a  great  stream  which  in  all  prohahility  ooraraenced  at  some  point  in 
the  Miillischwiese,  and  followed  the  course  of  the  Uesshach,  filling 
its  channel  to  a  considerahle  height.  On  its  way  it  forms  the  well- 
known  "Cheese  Grotto,"  ahout  half-a-mile  above  Bertrich.  Jt  is 
difficult  to  determine  the  exact  spot  in  the  Miillischwiese  at  which 
the  flow  commenced,  for  the  valley  is  now  all  under  cultivation  and 
much  overgrown  in  places,  and  no  traces  of  the  flow  can  be  seen 
except  at  the  quarry  to  which  I  have  referred,  which  is  at  the 
junction  of  the  two  valleys.  Excavations  have  now  been  commenced 
immediately  above  the  quarry  by  the  side  of  the  high-road ;  and  the 
lava  which  is  there  being  exposed  is  exactly  similar  to  that  seen 
below  in  the  large  quarry,  only  it  is  not  so  hard  and  compact,  and 
presents  a  somewhat  slaggy  appearance. 

It  was  in  the  Miihlrech  quarry  that  I  found  many  specimens  of  the 
dark-green  glass  to  which  I  have  alluded.  It  occurs  in  irregularly- 
shaped  patches,  and  apparently  forms  a  thin  lining  to  cavities  in  the 
lava.  The  latter  is  a  hard,  dark-coloured  rock  of  basic  composition, 
and  consists  mainly  of  crystals  of  augite  and  olivine  imbedded  in 
a  dark -brown,  glassy  ground-mass,  which  is  rich  in  magnetite.  I 
have  found  no  traces  of  felspar,  leuoite,  or  nepheline.  Zirkel  * 
thinks  that  the  last  may  occasionally  be  present,  although  its  out- 
lines are  indistinct,  and  also  sanidine. 

As  far  as  I  am  aware,  but  little  attention  has  been  drawn  to  this 
carious  feature  of  the  Bertrich  lava.  Koth  ^  attributes  the  origin  of 
the  green  vesicular  glass  found  in  the  scoriaa  and  lavas  of  Bertrich, 
the  Falkenlei,  and  Hiistchen,  another  of  the  three  craters  to  which 
I  have  already  referred,  to  the  melting  down  of  the  augite  present  in 
the  lavas.  "  An  alteration,"  he  says,  "  of  the  olivine  is  nowhere  to 
be  observed,  a  result  of  the  difficulty  with  which  it  fuses."  Von 
Dechen  ^  thinks  that  Roth's  explanation  is  unsatisfactory  ;  for  were  it 
correct,  the  glass  would  undoubtedly  be  found  in  lavas  and  scoriaB 
from  other  parts  of  the  Eifel,  since  augite  occurs  so  abundantly  in 
them  all.  "  Probably,"  he  adds,  "  the  melted  augites  would  not  lie 
next  to  the  unaltered  ones,  and,  moreover,  would  not  have  preserved 
the  granular  form  of  the  latter  while  enclosed  in  the  thick  lava, 
whereas  in  reality  longitudinal  sections  of  lenticular  bodies  are  to  be 
found  there."  *• 

At  first  sight  the  colour  and  lustre  of  the  glass  led  me  to  suppose 
that    it  was   melted   olivine ;    and    no   satisfactory   proof    having 

»  "BuMatcesteme,"  p.  180.    Bonn  (1870). 

■  E.  MitBcberlich,  *'  Ueber  die  vulkanischt;n  Erecheinungen  in  der  Eifel  und  iiber 
die  Metamorphie  der  Oesteine  durch  erhiibte  Teiuperatur " :  Im  Auftrajire  der 
Konigl.  Akademie  der  Wissenschaften  zu  Berlin  herausgegeben  von  J.  Rotb,  1865, 
p.  29. 

*  •*  GeognostiBcher  Fiihrer  zu  der  Vulkanreibe  der  Vorder-Eifel,"  p.  26.  Bonn 
(1886). 

*  Posmbly  he  refers  to  tbe  streak-like  form  sometimes  taken  by  tbe  glass  ;  but  bis 
meaning  is  not  clear  to  me.  His  words  are  :  "  Wabrdcbeinlicli  wiinieu  die  gescb- 
moLsenen  Augite  nicht  neben  den  unveranderton  liegen  und  deren  Komertorm  in  der 
dichten  Lara  einreschlossen  bewabrt  haben,  sich  langlicbe  Durcbscbnitte  linsen- 
lormiger  Korper  oarstellen.'' 
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apparently  been  given  by  Both  as  to  whether  it  were  really  melted 
augite,  I  oommenoed  a  microsoopio  examination,  which  brought  to 
light  some  carious  features.  The  glass  in  thin  sections  is  of  a  pale 
olive-green  colour,  containing  many  delicate  colourless  trichites,  and 
it  gives,  as  one  would  expect,  total  extinction.  Its  junction  with  tlie 
ground-mass  of  the  rock  is  very  thickly  fringed  with  dense  masses 
of  microliths  of  all  sizes,  for  the  most  part  of  prismatic  shape,  their 
edges  in  some  cases  ragged  and  incomplete,  and  most  of  them 
colourless,  with  dark  inclusions,  probably  of  iron-oxide.  They  react 
very  markedly  on  polarized  light,  showing  brilliant  colours  with 
crossed  nicols.  The  shape  of  the  prisms,  the  total  absence  of 
pleochroism,  and  their  high  extinction  angle  (ranging  up  to  43^), 
prove  that  they  are  some  form  of  augite.  Hore  and  there  they  are 
arranged  in  rings,  and  little  nests  of  them  lie  dotted  about  in  the 
slide ;  the  majority,  however,  seem  to  cling  to  the  edge  of  the 
ground -mass.  Lying  in  the  latter  and  all  but  touching  the  glass 
are  crystals  of  augite  and  olivine,  which  do  not  appear  at  all  altered, 
but  have  preserved  their  usual  shape  and  appearance ;  while  in  the 
glass  itself,  near  the  ground-mass,  are  one  or  two  small  crystals  of 
augite  which  appear  to  be  a  good  deal  altered,  the  edges  being  very 
ragged,  with  tiny  microliths  clinging  to  them  and,  as  it  were,  eating 
their  way  into  the  crystal.  In  some  places  the  glass  appears  slightly 
stained  with  the  dark- brown  colour  of  the  ground-mass,  but  on  the 
whole  the  latter  is  separated  from  the  glass  by  a  distinct  border. 

Being  still  unwilling  to  relinquish  my  original  idea  that  I  was 
dealing  with  melted  olivine — possibly  a  lime-bearing  variety,  which 
in  cooling  might  have  developed  partially  into  some  form  of  augite 
— I  proceeded,  at  Prof.  Bonney's  suggestion,  to  fuse  in  the  oxygen 
flame  pieces  of  augite  and  of  olivine  taken  from  the  rock  itself,  the 
fragments  being  held  in  each  case  in  platinum  forceps.'  The  augite 
(of  the  common  dark-brown  type)  fused  fairly  easily,  and  turned 
into  a  dark  glassy-looking  bead  with  a  somewhat  resinous  lustre. 
Tin's  was  powdered,  mounted,  and  examined  under  the  microscope. 
The  fused  part  was  then  seen  to  be  a  pale  yellowish-green  glass, 
very  similar  in  colour  to  that  in  the  Bertrich  lava.  The  olivine, 
however,  did  not  fuse  so  easily,  although  the  fragment  was  held 
in  the  flame  for  about  two  minutes  longer  than  the  augite.'  It 
turned  into  a  black  bead  and  adhered  very  firmly  to  the  forceps ;  but 
on  mounting  the  fragments,  microscopic  examination  showed  that 
a  mere  outer  film  had  been  melted,  and  the  particles  fused  had 
turned  into  an  extremely  black  opaque  glass,  totally  unlike  that  in 
the  Bertrich  lava.  The  bit  of  olivine  which  I  had  tried  to  fuse  was 
fairly  pure,  but  contained  a  few  granules  of  iron.  A  small  chip  of 
the  rock  itself  was  treated  similarly  to  the  olivine  and  augite,  and 
it  was  melted  down  almost  immediately  into  a  rich  brown  glass. 

*  I  am  pfreatly  indebted  to  Miss  Aston,  B.Sc,  for  assisting  me  with  these  experi- 
mcntfl,  which  were  carried  out  in  the  Chemical  Laboratory  of  University  College. 

-  Still,  Prof.  Daubree  states  that  he  fused  olivine  without  much  diJEBculty ;  this, 
however,  was  done  under  the  inlluence  of  prolonged  heat  in  a  furnace. — "  G^logie 
cxperimentale,"  vol.  ii.     Paris  (1879),  pp.  5l7-o23. 
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The  resalts  afforded  by  fusion  oertainly  go  to  prove  that  Both 
was  oorreot  in  his  statement  that  the  Bertrich  glass  is  melted  augite 
and  not  olivine,  although  in  the  hand-specimens  appearances  are 
strongly  in  favour  of  its  being  the  latter.  That  the  glass  owes  its 
origin  to  any  secondary  heating,  is  very  improbable ;  for  it  is  difficult 
to  conceive  of  any  causes  in  a  lava- flow  that  would  bring  about 
a  local  rise  of  temperature,  without  affecting  the  ground-mass  of  the 
rock  and  the  minerals  enclosed  in  it,  especially  as  the  rock  itself 
fuses  so  quickly  and  thoroughly.  Neither  do  I  think  that  the 
formation  of  the  glass  can  be  due  to  the  rapid  cooling,  under  little 
or  no  pressure,  of  melted  augites,  which  were  carried  along  on  the 
surface  of  the  lava  stream.  In  that  case  it  would  be  impossible  to 
explain  the  occurrence  of  totally  unaltered  augites  lying  side  by  side 
with  this  glass.  I  found  the  latter  in  hard  and  compact  lava,  not  at 
all  slaggy  in  appearance,  with  distinct  signs  of  columnar  structure 
set  up  in  it ;  hence  the  cooling  down  must  have  taken  place  slowly. 
Prof.  Bonney  has  suggested  that  the  pieces  of  glass  are  fragments 
of  some  deep-seated  magma  almost  agreeing  in  composition  with 
pyroxene,  which,  indeed,  occurs  as  a  rock.*  These  were  carried  up  to 
the  surface  in  the  liquid  lava  from  some  subterranean  reservoir,  and 
cooled  at  first  very  rapidly  and  in  a  different  manner  to  the  augites 
in  the  current.  Partial  devitrification  may  possibly  have  taken 
place  owing  to  changes  of  temperature  at  some  stage  before  the  final 
solidification  of  the  mass,  but  I  think  it  is  more  probable  that  the 
enclosed  microliths  may  have  formed,  owing  to  local  circumstances, 
when  the  glass  actually  became  solid.  The  pieces  of  augite  in  the 
glass  with  ragged  edges  and  altered  appearance  were  doubtle8s 
entangled  in  it  while  it  was  still  in  a  liquid  condition.  The  little 
rings  in  the  glass  formed  by  the  microliths  are  probably  due  to  the 
latter  collecting  round  some  of  the  numerous  vesicles,  for,  as  I  have 
already  stated,  the  glass  is  very  vesicular.  I  think  it  is  thus 
possible  to  explain  the  occurrence  of  unaltered  augites  and  olivines 
lying  immediately  next  to  the  glass  in  the  ground-mass  of  the  rock, 
and  the  non-intermingling  of  the  latter  with  the  glass.'*^  Von 
Dechen's  objection,  viz.  the  non- occurrence  of  the  glass  in  other 
Eifel  lavas,  does  not  seem  to  me  to  carry  much  weight,  as  one  would 
not  necessarily  expect  to  find  fragments  of  a  deep-seated  magma 
(and  this  one  of  rather  exceptional  composition)  in  every  flow.  He 
apparently  found  melted  and  unmelted  augites  lying  side  by  side  in 
the  lava.  This  has  not  been  my  experience,  but  as  he  concludes  his 
description  of  the  rock  by  saying  that  microscopic  examination 
would  probably  lead  to  the  further  clearing  up  of  difficulties,^  it  is 
reasonable  to  suppose  that  he  did  not  carry  out  such  an  examination, 
which  would  doubtless  have  considerably  influenced  his  opinion. 

I  cannot  conclude  this  brief  communication  without  acknowledging 
my  indebtedness  to  Prof.  Bonney  for  his  kindness  in  examining  my 
hand- specimens  and  slides,  and  for  his  valuable  advice. 

'  Viz.  jrn'oxenite  and  borablendite. 

*  Miss  C.  A.  Raisin,  B.Sc,  has  kindly  shown  me  a  piece  of  tachylitic  glass 
occurring  in  a  dark  leacitic  lava  of  unknown  locality. 

*  Xoc.  ci/.,  p.  26. 
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III. — Vertical  Tkbtiaries  at  Bikoombb,  Dorskt. 

By  the  Rev.  0.  Fisher,  M.A.,  F.G.S. 

I  HAVE  just  read  the  abstract  of  Mr.  Clement  Reid*8  paper  to 
the  Geologioal  Society  (April  29,  1896)  upon  the  Eocene 
deposits  of  Dorset.  Many  years  ago  I  paid  a  good  deal  of  attention 
to  these  beds,  and  have  many  notes  upon  what  I  saw.  The  section 
which  I  now  send  is  reduced  from  my  notebook,  a  section  which 
in  my  belief  has  never  been  seen  by  any  geologist  except  myself. 
It  was  taken  when  a  large  pit  was  open,  and  the  section  clear  and 
unmistakable.  I  copy  the  words  I  wrote  on  the  spot  '*  December 
24,  1855.  Examined  the  large  gravel- pit  recently  opened  in  the 
Tertiary  Eocene  beds  at  Bincombe.  A  section  is  given  on  the  last 
leaf  [of  the  notebook].     The  deep  cuttings  lately  made  show  the 

Sections  of  Eocene  beds  at  Bincombe,  Dorset,  exposed  in  1855.    Depth  of  section 

about  24  feet. 


Fio.  1. 


N 


(a)  Sand  and  coarse  pipeclay. 

{b)  Round  gravel  of  flint  pebbles,  black  inside. 

\c)  Sand  and  clay. 

{d)  Blocks  of  cherty  grey  flint,  with  numerous  casts  of  fossils. 

{c)    Subangular  flint  gravel,  not  ochreous,  used  for  road  metal. 

beds  to  be  vertical,  following  the  dip  of  the  chalk.  The  beds  have 
much  the  character  of  those  at  Bournemouth,  except  that  they  are 
much  coarser.  The  place  of  the  large  flints  with  fossils  is  shown  in 
the  section.^     The  manner  in  which  the  ends  of  the  vertical  beds 


Fig.  2. 
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( a  )  Horizontal  chalk. 
(/,/    Fault. 
(  b )  Eocene  beds. 
(c)  Nearly  vertical  chalk. 

^  These  casts  were  frequently  collected  by  the  Rev.  W.  Barnes,  the  Dorsetshire 
Poet.  ThtTc  were  formerly  some  in  the  Dorchester  Museum.  Similar  casts  occur  at 
Haldon  Hill,  near  Exeter,  and  also  in  the  neighbourhood  of  Evershot. 
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are  bent  over,  and  dragged  down  the  slope  of  the  hill,  is  particularly 
well  shown." 

Perhaps,  if  Mr.  Strahan  had  seen  this  section  open  as  I  did,  he 
might  not  have  said  in  the  discussion  that  *'  in  drawing  a  section 
through  Bincombe  he  found  there  was  not  room  for  the  whole  of 
the  chalk  below  the  Tertiary  outlier " — for  it  is  not  an  "outlier" 
in  the  usual  sense  of  the  word.  The  chalk  and  these  Tertiaries  are, 
in  fact,  both  tilted  together.  The  chalk  at  the  mouth  of  the  tunnel, 
about  a  quarter  of  a  mile  to  the  west,  is  distinctly  vertical.  I 
watched  the  construction  of  the  tunnel,  and  am  certain  of  this. 
I  think,  therefore,  that  the  Tertiaries  above  Bincombe  are  a  V-shaped 
mass,  let  in  along  a  fault  where  nearly  vertical  beds  abut  on  nearly 
horizontal  chalk,  as  is  the  case  at  Ballard  Head ;  although  at  that 
place  there  are  no  Tertiaries,  only  vertical  chalk  abuts  on  horizontal 
chalk.  But  there  are  localities  in  the  same  run  of  country  where 
vertical  chalk  is  backed  by  Tertiaries ;  for  instance,  at  Arisk  Mell, 
and  at  West  Lul worth.  Section  No.  2  of  Sheet  22  of  Horizontal 
Sections  of  the  Geological  Survey  shows  a  small  patch  of  Tertiaries, 
caught  in  between  the  vertical  chalk  of  Biudon  Hill  and  horizontal 
chalk  north  of  it  At  all  these  places  I  suspect  the  structure  to 
be  as  at  Bincombe,  and  much  as  is  indicated  in  Diagram  No.  2. 

If  my  theory  be  correct,  then  the  coarse  subangular  gravel  at 
the  south  end  of  the  section  is  the  lower,  and  the  sandy  pipeclay 
to  the  north  the  higher,  part  of  the  series  which  was  exposed. 


IV.— Note    on    somk    Crktaceous    Fossils    from   the    Drift   of 

MoRESEAT,  Aberdeen. 

By  G.  Sharman  and  E.  T.  Newton. 
[Published  hy  permission  of  the  Director- General  of  the  Geological  Survey.] 

IN  the  year  1856  Mr.  J.  W.  Salter  and  Mr.  W.  Ferguson  described 
before  the  Geological  Society  (Q.J.G.S.,  vol.  xiii,  p.  83,  1857) 
a  series  of  fossils  which  had  been  collected  from  Drift  material  at 
Moreseat  and  other  localities  near  Aberdeen,  and  seemed  to  indicate 
the  occurrence  of  Cretaceous  rocks  in  siiH  at  no  great  distance  from 
this  locality. 

These  fossils  were  divided  into  two  sets — a  series  contained  in 
fliiit,  which  was  referred  to  the  Chalk,  and  a  series  preserved  in  fine 
sandstone,  which  was  regarded  as  Ui>per  Greensand. 

The  genera  and  species  recognized  in  the  flints  doubtless  included 
hoth  Lower  and  Upper  Chalk  forms ;  and  those  recorded  from  the 
wndstone,  fairly  indicated  an  Upper  Greensand  facies  ;  but  it  will 
he  8een  from  the  additional  specimens  lately  collected,  that  beds  of 
Lower  Greensand  age  are  likewise  represented. 

Mr.  D.  J.  Mitchell,  of  Black  Hills,  Aberdeen,  and  Mr.  A.  ^L 
l"6ch,  have  recently  collected  fossils  from  the  same  locality  of 
Moreseat,  Cruden,  Aberdeenshire  ;  and  these,  through  the  kind  offices 
of  Prof.  J,  W.  Judd,  have  been  forwarded  to  the  Geological  Survey 
^or  identification,  and  present  points  of  interest  which  at  the  first 
^ere  not  apparent. 
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The  specimens  sent,  which  number  between  two  and  three 
hundred,  are  all  in  the  condition  of  internal  and  external  moulds, 
in  a  light-coloured,  fine-grained  sandstone ;  and  although  slight 
differences  may  be  noticed  in  different  pieces  of  the  rock,  they 
are  all  so  similar  that  one  can  scarcely  question  their  having  been 
originally  derived  from  the  same  bed.  Notwithstanding  this  the 
fossils  clearly  indicate  more  than  one  horizon. 

Most  of  Salter's  type  specimens  are  preserved  in  the  Museum  of 
Practical  Geology,  having  been  presented  by  Mr.  Ferguson ;  and  the 
matrix  of  those  referred  to  the  Upper  Greensand  is  like  that  of  the 
specimens  which  form  the  subject  of  this  note. 

Several  forms,  in  addition  to  those  mentioned  by  Salter,  have  been 
identified ;  and  as  some  indicate  lower  horizons  than  the  Upper 
Greensand,  some  remarks  upon  certain  of  the  species  are  called  for. 
I'hese  specimens  being,  as  above  stated,  in  the  condition  of  moulds, 
it  has  been  necessary  to  take  impressions  of  the  cavities ;  and  these 
give  the  external  forms  of  the  shells,  some  of  which  are  thus 
reproduced  in  a  beautifully  perfect  manner;  this  was  especially 
the  case  with  the  Trochus  pulcherrimua  and  Echtnocyphua.  At  first 
we  were  prepared  to  find  these  fossils  to  be  of  Upper  Greensand 
age,  as  stated  by  Salter;  and  when  we  became  aware  that  several 
of  the  forms  were  of  a  Lower  Greensand  or  Speeton  Clay  type,  we 
consulted  with  our  friend  and  colleague,  Mr.  Lamplugh,  who  for 
years  has  been  familiar  with  the  Speeton  fossils,  and  he  at  once 
recognized  in  the  Ammonites  and  some  other  forms  a  distinctly 
Speeton  facies.  We  are  much  indebted  to  him,  not  only  for  valuable 
suggestions,  but  also  for  the  opportunity  of  comparing  our  specimens 
witli  his  large  series  of  Speeton  fossils. 

Cephalopoda. 

Ammontiida. — Three  Ammonites  were  recognized  by  Salter,  but 
only  one  specific  name  was  given  in  the  list,  namely,  Ammonites 
Selligutnus,  Brong.?  and  this  with  doubt.  We  have  seen  nothing 
that  could  be  referred  to  Brongniart's  species. 

Ammonites  (Olcostephanus)  Speetonensis,  compressed  variety. — The 
two  forms  figured  by  Salter,  but  not  named,  we  have  recognized. 
One  of  these  (Salter,  pi.  ii,  fig.  10)  was  said  to  be  allied  to 
Ammonites  Jeannotii  (D'Orb.,  Terr.  Cret.,  pi.  Ivi) ;  but  we  recognize 
a  closer  relationship  to  Ammouiies  Speetonensis,  and  it  seems  to  us 
to  come  nearest  to  the  form  called  by  Pavlow  Olcostephanus 
{Simberskites)  Payeri  (Bull.  Imp.  Soc.  Moscow,  1891,  pi,  xviii, 
^S'  ^)  f  ^^^  although  flatter  forms  than  that  figured  by  Pavlow 
occur  at  Speeton,  none  are  so  much  compressed  as  some  we  have 
from  Moreseat ;  this,  however,  may  be  due  to  pressure  in  the  rock. 
The  obliquity  of  the  ribs  varies  in  different  specimens.  We  regard 
this  Ammonite  as  a  flattened  variety  of  A.  Speetonensis,  The 
Olcostephanus  PhilUpsii  (Neumayer,  Paleeont.,  vol.  xxvii,  pi.  xv, 
fig.  7)  from  the  Hilsbildungen,  is  another  closely  allied  form. 

The  second  specimen  figured  by  Salter  (pi.  ii,  fig.  9)  is  related  to 
the  flattened  variety  of  Speetonensis,  and  this  we  have  also  recognized. 
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but  only  by  fragments  which  prevent  a  definite  determination. 
Our  specimens  do  not  allow  us  to  see  so  near  an  alliance  with 
Ammonites  Pailletteanus,  as  Salter  and  Baily  seemed  to  recognize 
(Q.J.G.S.,  vol.  xiii,  p.  87). 

AmmoniUB  (HopUtes)  Mortilleti,  Pictet  and  De  Loriol.' — Several 
fragments,  and  one  or  two  more  perfect  specimens,  indicating 
Ammonites  of  from  one  to  two  inches  diameter,  we  refer  to  this 
species.  At  first  we  thought  they  were  A,  noricus;  but  the 
ribs  upon  the  back  do  not  tend  to  meet  at  an  angle  as  they  do 
in  that  species.  The  specimens  all  seem  to  show  that  the  shell 
was  compressed  to  about  the  same  extent  as,  or  even  more  than, 
in  A,  norieua;  that  the  umbilicus  was  very  open,  there  being 
scarcely  any  overlap  of  the  whorls ;  the  outer  ones  doing  little  more 
than  touch  the  inner  ones.  Around  the  umbilicus  the  ribs  are 
nodular,  and  upon  the  sides  they  quickly  divide  into  two  or  three 
ribs  which  pass  to  the  back  with  a  slight  sigmoid  curve ;  the  curve 
is  probably  more  marked  in  larger  shells.  On  each  rib,  where  it 
bends  over  to  the  back  of  the  Ammonite,  there  is  a  small  but 
distinct  tubercle.  The  rihs  extend  a  short  way  towards  the  middle 
of  the  back,  and  at  right  angles  to  it,  but  a  smooth  space  is  left 
along  the  middle  line.  There  is  no  evidence  of  the  ribs  upon  the 
back  being  angulated  as  they  are  in  Ammonites  noricua.  This 
Moreseat  Ammonite  has  some  renemblance  to  Ammonites  splendena, 
but  in  that  species  the  back  is  more  definitely  flattened,  the 
tubercles  are  really  swollen  terminations  of  the  ribs,  and  the 
umbilicus  is  very  small. 

There  is  one  specimen  in  Mr.  Lamplugh*s  collection  from  the 
upper  part  of  the  Noricus  beds  at  Speeton,  about  one  inch  in 
diameter,  which  we  believe  to  be  specifically  identical  with  the 
form  now  being  considered ;  and  there  is  a  second  which 
M.  Pavlow  has  referred  to  A,  (H,)  Mortilletu  It  seems  very 
probable  that  the  two  Speeton  forms  are  the  same  species ;  but  the 
one  seen  by  M.  Pavlow,  which  is  nearly  1^  inches  in  diameter, 
has  the  tubercles,  upon  the  outer  part  of  the  last  whorl,  placed 
at  irregular  intervals. 

Crioeeraa  Duvalii  ? — Several  fragments,  some  indicating  whorls 
1^  inches  wide,  and  others  much  smaller,  are  doubtless  referable 
to  this  genus:  the  large  trausverae  ribs,  with  several  smaller  ribs 
in  between  them,  and  the  presence  on  some  of  the  larger  ribs  of 
spines,  irregularly  placed,  give  to  these  specimens  a  strong  re- 
semblance to  Crioeeraa  Duvalii;  but  the  evidence  is  not  sufiGcient 
for  definite  determination. 

BeUnuUtea. — Several  pieces  of  Belemnitea  have  been  detected,  but 
they  are  too  small  and  fragmentary  for  determination ;  one  may, 
perhaps,  be  Belemnitea  minimus,  Mr.  Lamplugh,  comparing  these 
with  Speeton  forms,  detects  nothing  that  could  be  referred  to 
Belemnitea  lateraHa,  but  thinks  it  just  possible  one  or  two  may 
be  portions  of  B.  jaculum. 

^  Pal^ont.  Suisse,  Neocomien  des  Yoirons,  1858,  p.  21,  pi.  iy,  fig.  2. 
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Gasteropoda. 

Trochni^  pulcherrimtu,  Pbil. — Several  speoiraens,  about  one-third  of 
an  inch  in  length,  referable  to  this  species,  have  been  recognized  ; 
Phillips*  figure  of  a  specimen  from  the  Speeton  Claj  is  scarcely 
sufficieut  to  allow  of  identification ;  but  examples  in  the  Museum 
of  Practical  Geology  and  in  Mr.  Lamplugh's  collection  seem  to 
be  identical  with  the  Moreseat  specimens.  There  is  some  slight 
variation  to  be  traced  among  the  specimens  from  each  locality ;  but 
all  seem  to  be  characterized  by  two  keels,  more  or  less  crenulated, 
one  at  the  lower  part  and  another  at  the  upper  part  of  each  whorl, 
between  which  there  is  a  broad,  concave  area,  marked  by  numerous 
fine,  oblique  threads,  running  in  the  direction  of  the  lines  of  growth, 
and  crossed  by  a  few  longitudinal  threads.  The  flattened  base  is 
similarly  marked  by  two  sets  of  lines,  which,  being  much  coarser, 
give  a  more  cancellated  appearance  to  this  part  of  the  shell.  There 
is  no  umbilicus,  and  the  mouth  is  nearly  round. 

Trochua,  sp. — Another  form,  about  half  an  inch  in  length,  which 
we  refer  to  this  genus,  is  likewise  represented  in  the  Speeton  Clay  ; 
its  sides  are  flat,  and  the  sutures  are  not  depressed,  so  that  it  forms 
an  almost  complete  cone  with  flattened  sides.  At  the  top  and  bottom 
of  each  whorl  there  is  a  slightly  crenulated  ridge,  and  between  these 
there  appear  to  have  been  fine,  oblique  lines  of  growth. 

Actaon,  sp. — Two  or  three  specimens  referable  to  this  genus 
have  been  noticed :  the  body -whorl  is  inflated  and  marked  by  a 
few  (four  or  five)  impressed  lines;  the  spire  is  little  more  thau 
half  the  height  of  the  body-whorl. 

Cerithium  aculeatum,  Forbes  MS.,  var. — There  is  one  mould  of 
a  Cerithium  very  well  preserved,  which  agrees  so  closely  with  the 
specimens  from  Speeton,  to  which  Prof.  Forbes  attached  the  above 
name,  that  we  feel  assured  it  is  the  same  species,  or,  at  most,  a 
variety  of  it;  and  we  gladly  adopt  the  name,  although  no  description 
of  the  species  has  yet  been  published.  The  Moreseat  specimen  is 
-A-ths  of  an  inch  long  and  Jth  of  an  inch  wide  at  the  largest  part ; 
and  one  may  count  13  or  14  whorls.  Each  whorl  has  a  strongly- 
marked  nodular  ridge  near  the  top,  and  another,  slightly  smaller, 
at  the  base ;  between  these  are  two,  sometimes  perhaps  three, 
thread-like  lines,  and  there  are  indications  of  a  fine  line  at  the  top 
and  another  at  the  base  between  the  suture  and  the  larger  ridges. 
The  base  of  the  last  whorl  is  rounded  and  marked  by  four  to  six 
longitudinal  lines.  The  whorls  are  crossed  obliquely  by  strong 
ribs,  eight  of  which  may  be  seen  at  one  time  on  the  lower  whorls. 
The  ribs  are  large  above  and  rapidly  attenuate  below,  and  where 
they  cross  the  longitudinal  lines  produce  nodular  markings. 

Compared  with  the  Speeton  Clay  C.  aculeaiunit  it  will  be  noticed 
that  in  the  latter  the  ridges  and  ribs  are  more  sharply  cut,  and  the 
thread-like  lines  at  the  top  and  base  of  each  whorl  are  more 
definite ;  and,  further,  each  whorl  has  three  longitudinal  lines 
between  the  two  larger  ones;  also,  about  nine  ribs  may  be  counted 
on  one  side  of  each  whorl. 
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Lahsllibbanchiata. 

Antarte  (VenuB)  sirtaiO'Costataf  Forbes. — ^There  are  several  small 
speoimens  of  an  Astarte  with  few  and  strongly-marked  ribs,  which 
without  doubt  are  the  same  as  some  from  the  Lower  Greensand  in 
the  Museum  of  Practical  Geology,  and  there  is  no  question  as  to 
these  being  the  forms  called  by  Forbes  Venus  striato-costaia.  One 
of  the  Moreseat  specimens,  however,  shows  a  very  definite  lunule, 
and  the  margins  of  the  shell  are  crenulated ;  so  that  its  reference  to 
Axtarte  seems  to  us  necessary.  The  correctness  of  Forbes'  reference 
of  these  to  Astarte  strtaio-eostata  of  D'Orbigny  may  be  open  to 
doobt,  but  for  the  present  that  name  is  retained. 

Trigonia  veeiiana,  Lya — Two  or  three  small  pieces  of  a  Trigonia, 
which  so  far  as  they  are  preserved  agree  better  with  Trigonia 
tectiana  than  with  any  other  form,  are  referred  to  that  species. 

Oomomya,  sp. — One  fragment  of  a  Goniomya  has  been  detected; 
hat  while  there  is  no  question  as  to  the  genus,  it  is  not  sufficient  for 
specific  determination ;  it  might  be  Ooniomya  Villercensia,  a  doubtful 
example  of  which  is  in  the  Cunnington  Collection  in  the  Museum  of 
Practical  Geology. 

Cffprina  Fergusoni,  Salter. — Many  fragments  appear  to  us  to 
Tepresent  Salter's  species,  the  type  of  which  has  been  compared ; 
hot  with  them  there  are  portions  of  another  form,  having  similar 
thread-like  markings,  but  a  different  outline,  and  these  we  refer  to 
the  following  genus. 

Lncina,  sp. — Several  fragments,  and  one  or  two  nearly  perfect 
moulds  of  the  exterior,  indicate  the  genus  Lucina.  The  markings 
OD  these  specimens  are  fine,  concentric  thread-lines,  so  like  those 
of  Cyprina  Fergusoni  that  it  is  uncertain  to  which  genus  many 
fragments  belong.  The  more  perfect  examples,  however,  have  less 
prominent  umbones  than  Cyprina  Fergusoni,  and  they  overhang  the 
lunule ;  the  entire  shell  is  nearly  orbicular.  We  have  been  unable 
to  refer  this  definitely  to  any  described  species ;  the  markings  are 
•imilar  to  those  of  Lucina  Dupiniana  of  D'Orbigny  (pl.'oclxxxi),  but 
the  produced  anterior  extremity  of  that  shell,  and  its  prominent 
umbones,  are  unlike  ours.  Thera  are  some  specimens  from  the 
Upper  Greensand,  in  the  Museum  of  Practical  Geology,  somewhat 
fesembling  these  Moreseat  specimens,  which  have  been  doubtfully 
Inferred  to  Lucina  Dupiniana. 

CucuUaa  earinata,  Sby^ — This  is,  perhaps,  the  most  abundant  fossil 
BiQcng  the  Moreseat  specimens,  and  occurs  both  as  internal  and 
^xtemal  casts,  the  largest  being  a  little  more  than  an  inch  long ; 
It  seems  to  us  to  agree  with  the  true  C.  carinata,  the  strong  ribs 
t>oih  at  the  front  and  back  of  the  shell  being  of  uniform  size  and 
i^ot  as  described  in  CucuHaa  securis,  D*Orb.,  which  is  one  of  the 
forma  occurring  at  Speeton. 

Cardium  Baulinianum,  D'Orb. — Two  or  three  examples  of  a  finely- 
'triated  Cardium,  about  half  an  inch  in  diameter,  are  referred  to  this 
species. 
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Area  Baulin!?,  D'Orb.  —  Oue  BpecimOD,  sIiowiDg  part  of  both 
valveB,  U  in  all  probability  this  speoiea. 

Flieatttla  placmea,  Lamk.— There  are  many  Bpeoimeni,  more  or  leas 
fragmentary,  whioh  are  referred  to  J'liealula  plaeunea  ;  they  are  very 
strongly  marked,  and  agree  olosely  with  examplea  in  the  Maseum 
of  Practioftl  Geology.  The  variable  nature  of  this  genaa  may  lead 
to  doubt  as  to  the  oorreotnesa  of  this  determination  ;  but  none  of  the 
Upper  Qreensand  Hpeoies  are  so  ooaraely  marked  as  tbese  from 
Morfseat,  while  those  from  the  Lower  Greenland  agree  precisely. 

Lima  Dupiniana,  D'Orb.  —  Two  specimens  from  Uoreaeat  agree 
better  with  this  species  than  with  Lima  temitideala ;  the  outline  of 
tbe  shell  is  lees  equilateral  than  in  the  last-named  species,  the 
ribs  are  sharp  and  fine,  with  little  or  no  ornamentation,  and  the 
interspaces  are  wide.  Salter  gives  lAma  lentiitilcata  in  his  liet,  but 
it  is  just  possible  that  it  may  be  the  same  form  as  the  one  we 
now  have. 

Geivillia  »6lenoide»,  Darr. — Tliia  epedes  is  represented  by    one 
very  perfect  specimen,  about  two  inches  long,  which  agrees  very 
closely  with  specimens  from  Ike  Oault,  and  oonsequently  is  thus 
named. 
LIST   OF   FOSSILS  (CRETACEOUS)  FBOM  MORESEAT,  ABERDEEX, 


11 

li 

li 

m 

1  il|s 

JI, 

M. 
M. 
M, 

I. 
1. 

I. 
I. 
1. 

F. 

P. 
F. 
F. 
F. 
F. 

P. 

CaUnlerata. 

Eehi«odtnaala. 

.AniinchyteB[HoIa8ler]         

Diadama         

Discoidea        

Etmllaotar  tTo.instpr]  Scoticiis,  Salt. 
Ethinocj-pbua  dillicilia,  Ag 

Serpula          

I-olyzoa. 

Brath  iopoda. 

liiatal 

Rliynrhontllu  aulcrita,  Park 

TerBhratula 

Waldhuimia  hippopus  rnr.  Tilbjeiuib,  Dht. 

- 

X 

1 

Cretaeeotit  Fouib  of  Aberdeen. 


II 

si 

ll 

P 

it, 

. 

l1 

i 

n 

a 

ia 

111 

" 

Zu»»//iir«wA;afa. 

M, 

a™  Eiralini  F,  D'Orb.        

f 

Astarte  (Vonus]  atrinta-cocUta,  Farliei      . . 

III 

K 

AvicuU  siiDulalH,  llallj        

U. 

M 

^ 

!!■ 

U 

Cumllica  carmata,  Sow 

H. 

y. 

CTprin.  FerguMDi,  Salt 

_ 

_ 

_ 

_ 

OerTmi«(neartoroalr8tiif) 

M. 

H. 

Inoceramna 

UmaDnpiEiaoa,  D'Orb 

1' 

„    (near  ^.  BbniptQ)         

Limopaifl  teitunita,  Salt 

Lurina  P,  «p 

- 

Jd. 

F. 

Pecten  orbicularis.  Sow 

„       (probably  the  P.  oonieila  of  Xils.,  not 

' 

I 

X- 

^ 

T 

PertantulM  umbonatua,  Sow 

Pinna  (rtraffous.  So* 

Plicitulii  plaiNuiea,  Lam 

I 

Simnddns 

Trigoilia  rectjana,  Lj-e 

1, 

X 

— 

— 

— 

Gailcroiioda. 

V. 

Actnjon          

I. 

Curithium  aculHitum,  Forbes  MS 

I. 

Phaaianolla  (aenr  to  ernun,  D'Orb,) 

P. 

„       (sraall  eloBsated  lonn)  [P=iml(:lier- 

* 

" 

" 

P. 

Deatalium  ciclatum,  Bail; 

Cfphalopi^a. 

" 

~ 

" 

" 

» 

T, 

AmmoDitoi  Mortilleti,  P.  and  Do  Lor.      . . 

SpeetoneiLsis  {ff.  Paji-ri,  Pay.) 

So!lig:uinu5,  Brong.  f    . . 

"■I'- 

Criocenu Durolii  F,  Lev 

^ 

- 

-  - 

JtJiynehoneUa   itiUata,    Park.  —  Several   fragments  of  a  ooarnely- 
marked  shell  are  believed,  with  little  doubt,  to  ropreaeDt  tbis  species. 
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Waldheimia  hippoptis  var.  Ttlhyensts,  Da  v. — Two  moulds  of  this 
brachiopod  have  yielded  casts,  so  exactly  resembling  examples  of 
this  variety  in  the  Museum  of  Practical  Geology,  that  we  have 
no  doubt  as  to  the  determination. 

EOHINODERMATA. 

Enallaster  {Toxa$ter)  Scoticus,  Salt — Several  more  or  less  frag- 
mentary specimens  doubtless  belong  to  the  species  thus  named  by 
Salter  and  Baily,  which  seems  to  be  nearly  allied  to  JS.  granosus, 
from  the  Neocomian  ;  but  as  the  Moreseat  specimens  are  too  im- 
perfect to  speak  of  positively,  we  prefer  to  allow  the  above  name  to 
remain. 

Echinocyphus  diffictlis,  kg, — One  very  perfect  example  of  this  form 
we  have  detected  in  these  collections,  and  its  agpreement  with  Upper 
Greensand  specimens  is  so  close,  that  it  must  be  referred  to  this 
species.  This  specimen  supplies  the  most  definite  evidence  we  have 
in  the  Moreseat  collections  of  a  form  only  recognized  hitherto  in 
the  Upper  Greensand,  or  newer  beds. 

A  study  of  the  list  on  pp.  252-3,  with  the  distribution  of  the  species, 
will  suffice  Ito  show  that  the  Moreseat  fossils  represent  more  than 
one  of  the  horizons  recognized  in  the  southern  parts  of  Great  Britain; 
for  while  the  Echinocyphus  diffictlis,  Micrahacia  coronula,  Qaleriies 
castanea,  and  Pectunddus  umbonatus  indicate  an  Upper  Greensand 
fauna,  the  Ammonites,  Crioceras,  Trochus  pulcherrimus,  Asiarte  striaiO' 
costata,  Trigonia  vectiana,  Cnrdium  Baulinianum,  Area  Baulini  ?, 
Plicaiula  placunea,  and  Lima  Dupiniana  point  even  more  strongly 
to  a  Lower  Greensand  age.  As  already  pointed  out,  the  rock  in 
which  these  fossils  occur  is  so  similar  throughout — although  some 
pieces,  it  is  true,  are  a  little  harder  than  others,  and  some  are 
stained  with  iron — that  it  is  difficult  to  understand  their  being  from 
different  beds;  it  would  seem,  therefore,  that  the  faunas  which  in 
the  south  mark  the  distinct  horizons  of  Lower  Greensand,  Gault, 
and  Upper  Greensand,  are,  here  in  Aberdeenshire,  included  in  one 
bed  of  nearly  unifoim  character  throughout.  However  that  may 
eventually  prove  to  be,  it  is  clear  that  these  Drift  specimens  have 
been  derived  from  beds  where  a  large  part  of  the  Cretaceous  series 
of  strata  occurs;  not  only  Upper  and  Lower  Chalk,  and  Upper 
Greensand,  as  pointed  out  by  Salter,  but  also  beds  of  Lower  Green- 
sand or  Speeton  Clay  age;  but  nothing  so  old  as  the  Belemnites 
lateralis  beds  of  Speeton  has  been  detected. 

What  relations  these  beds  may  have  to  the  Lower  Cretaceous  of 
Sweden,  or  to  the  Neocomians  of  Heligoland  and  North  Germany, 
which  are  now  occupying  the  attention  of  Dr.  Dames  and  Prof, 
von  Konen,  it  will  be  of  interest  to  know ;  but  this  must  await 
future  investigation. 

Note. — Salter's  list  of  **  Fossils  found  in  Chalk-flints  from  Aberdeenshire" 
(Quart.  Joum.  Geol.  Soc,  vol.  xiii,  p.  84)  includes  some  from  Moreseat 
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v. — On  Zonal  Divisions  of  thb  Carboniferous  STSTsaii. 

By  Whbelton  Hind,  M.D.,  B.Sc.Lond.,  F.R.C.S.,  F.G.S. 

THE  qnestion  of  the  zonal  division  of  the  Carboniferous  system 
has  been  raised  during  the  last  twelve  months,  and  certain 
foflsils  have  already  been  mentioned  as  typical  of  a  certain  succession 
in  a  certain  district  or  traverse  of  rocks.  Having  studied  the 
Carboniferous  system  in  most  of  the  districts  of  Great  Britain  and 
Ireland  where  the  beds  are  exposed,  and  chiefly  from  a 
palsBontological  point  of  view,  I  beg  to  offer  for  discussion  a  few 
of  the  facts  of  biological  distribution  which  have  come  to  my 
knowledge. 

There  exists,  however,  a  great  initial  difficulty,  one,  indeed, 
which  can  be  gradually  overcome,  and  this  is  the  involved  and 
uncertain  state  of  the  nomenclature  of  Carboniferous  Palaeontology 
at  the  present  time.  True,  that  our  knowledge  of  the  Brachiopoda 
of  this  period  is,  through  the  labours  of  Davidson,  well  advanced, 
and  that  there  is  some  degree  of  accuracy  in  the  nomenclature  of 
this  group,  and  its  synonymy  has  been  well  worked  out;  but  if  the 
other  groups  are  in  the  almost  hopeless  muddle  which  I  find  to 
be  the  case  with  the  Carboniferous  Lamellibranchiata,  I  shall  be  not 
far  short  of  the  truth  if  I  say  that  at  the  present  time  no  reliance 
whatever  can  be  placed  on  the  species  and  genera,  so  glibly 
catalogued  in  the  majority  of  the  works  on  the  Carboniferous 
system,  as  being  present  in,  or  characteristic  of,  certain  strata. 

Some  time  ago  Mr.  Morton  attempted  to  define  zones  in  the 
Carboniferous  Limestone  beds  of  North  Wales.  He  did,  indeed, 
saoceed  in  establishing  a  certain  definite  sequence  in  the  rocks,  but 
biologically  he  is  able  to  establish  no  zones  or  horizons  typified  by 
certain  organisms  which  could  be  traced  across  country  and 
recogni2sed  as  one  in  different  localities. 

Before  discussing  the  brief  details  of  zonal  distribution  given  by 
Messrs.  Garwood  and  Marr,^  it  will  be  well  to  ask  what  is  meant 
by  zonal  succession?  I  take  it,  that  the  idea  in  seeking  for  zones 
of  rock,  which  can  be  identified  by  the  restricted  presence  of  certain 
forms  of  life  in  definitely  marked  horizons,  is  to  establish  a 
biological  classification  of  strata.  The  presence  of  certain  fossils 
in  any  given  bed  is  not  a  simple  matter,  and  is  the  result  of  many 
factors. 

A  classification  of  a  series  of  rocks  by  the  horizontal  distribution 
of  its  fossils,  may  be  always  feasible  locally,  but  such  a  classification 
is  of  little  real  value  unless  it  can  be  shown  to  be  constant  over 
large  areas.  As  a  matter  of  fact,  the  distribution  of  marine 
organisms  is  dependent  to  a  very  large  extent  on  the  depth  of 
water,  and  zones  of  life  are  those  of  isobathymetrical  distribution. 
In  order  that  the  same  fossils  should  be  found  at  certain  horizons 
over  a  large  area,  it  would  have  been  necessary  that  the  sea-floor  on 

»  Gbol.  Mao.,  Dec.  IV,  Vol.  II,  1896,  pp.  474,  650-2. 
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wbich  the  deposit  acoumulated  was  praotically  level  over  the  same 
extent 

As  a  nile,  fossils  are  not  equally  distributed  through  Carboniferous 
strata.  Many  feet  of  limestone  beds  oontain  nothing  beyond 
microscopic  forms  of  life,  but  every  here  and  there  the  beds  are 
crammed  with  fossil  remains,  generally  speaking,  not  in  the 
condition  in  which  they  lived,  but  Bivalves  and  Brachiopods  often 
have  their  valves  separated  and  are  filled  with  other  shells,  and 
many  forms  which  probably  did  not  exist  at  the  same  depth  are 
found  together  though  the  shells  are  not  rolled. 

The  value  of  life  zones  can  be  well  understood  in  a  series  of 
strata  which  was  deposited  without  intermission  on  a  floor  which 
was  sinking  at  a  uniform  rate,  without  oscillations  of  level ;  but 
even  in  such  a  case  the  beds  deposited  on  the  same  line  of 
accumulation,  near  the  shore  and  out  at  sea,  would  contain  a  very 
different  fauncu  I  shall  show  later  on  that  such  a  condition 
of  deposit  was  anything  but  characteristic  of  Carboniferous  times. 

"While,  therefore,  life  zones  are  not  altogether  to  be  relied  upon 
in  the  identification  of  strata  in  widely  separated  areas,  neither 
can  they  be  regarded  with  any  degree  of  absolute  accuracy  as  indices 
of  the  contemporaneity  of  an  extensive  horizontal  deposit,  though 
similar  faunas  indicate  similar  conditions  of  deposit  Every  ocean 
connotes  a  shore,  and  it  is  therefore  obvious  that  deep-sea  life 
is  contemporaneous  with  littoral  and  terrestrial  forms,  and  that  in 
a  slowly -sinking  area,  littoral,  terrestrial  (fluviatile),  and  pelagic 
forms  would  be  entombed  along  the  same  line  of  sedimentary 
deposit,  at  any  rate  at  right  angles  to  the  retreating  shore-line, 
though  narrow  belts  parallel  to  that  line  might  be  characterized 
by  the  presence  of  the  same  fauna  at  definite  horizons. 

If  deposition  were  going  on  in  a  rising  area  the  shore-line  would 
gradually  advance,  and  littoral  deposits  would  be  formed  above  the 
pelagic ;  but  if,  on  the  other  hand,  the  area  were  gradually  sinking, 
the  marine  sediments  would  be  superimposed  upon  the  littoral,  and 
thus  contemporaneous  faunas  would  become  successive. 

The  greater  part  of  the  Carboniferous  areas  of  Great  Britain 
consists  of  recurring  series  of  sandstones,  clays,  coals,  and  lime- 
stones, indicating  clearly  a  repeated  oscillation  of  level,  with 
intervening  periods  of  rest,  during  which  the  terrestrial  conditions 
necessary  for  the  growth  of  the  coal  flora  obtained.  Such  a  series 
of  oscillations  could  only  result  in  repetitions  of  the  faunas  typical 
of  teiTestrial,  littoral,  and  marine  conditions  at  different  horizons  in 
the  same  vertical  series.  A  good  example  of  this  state  of  things  is 
to  be  found  in  the  beds  of  the  Calciferous  Sandstone  series  of  the 
Fifeshire  coast.  This  series  has  been  splendidly  worked  out  by 
Mr.  James  Kirk  by  (Quart.  Journ.  Geol.  Soa,  vol.  xxxvi,  1880,  p.  659). 
Here,  in  3,800  feet  of  strata,  several  marine  bands  occur  separated 
by  various  depths  of  intervening  beds,  and  containing  a  large  and 
varied  fauna  of  typical  marine  facies.  True,  that  the  fauna  in  each 
of  these  marine  beds  is  not  absolutely  identical ;  but  many  of  the 
same  species  recur  in  several  of  them.     The  intervening  beds  are 
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aandstoneSy  shales,  and  indurated  olays,  with  thin  heds  of  ooal  and 
many  plant-remains.  Such  a  suocession  points  to  complete  changes 
in  the  conditions  of  deposition  ;  and  the  beds  of  coal  afford  evidence 
of  a  suspension  of  the  det>08itiony  and  point  even  to  terrestrial 
conditions. 

It  would  be  inadmissible  to  suppose  that  the  fauna  of  a  marine 
bed  died  out  when  its  environment  no  longer  was  suitable  to  its 
needs,  owing  to  bathymetrio  change,  and  that  its  reappearance  at 
a  higher  horizon  was  due  to  a  redevelopment  from  primordial 
forms ;  because  it  is  not  probable  that  many  forms  would  be  again 
evolved  on  precisely  the  same  lines. 

The  presence  of  a  fauna  at  several  horizons,  with  the  complete 
absence  of  the  same  forms  of  life  in  the  intervening  beds,  points  to 
the  continued  survival  of  that  fauna  in  some  outside  area  during 
the  whole  of  the  time  that  the  series  of  beds  containing  it  were 
laid  down,  whence  it  could  migrate  in  any  direction  in  which  the 
environment  became  suitable.  The  change  of  conditions  from 
marine  to  littoral  and  littoral  to  terrestrial,  and  vice  versa,  must  have 
been  very  gradual,  giving  time  to  the  faunas  to  retreat  and  invade 
fresh  localities,  and  allowing  them  to  remain  in  an  environment 
loitable  for  their  survival.  How  long  some  species  did  survive,  in 
some  outside  area,  in  Carboniferous  times,  may  be  judged  from  the 
reappearance  of  the  typical  Lower  Carboniferous  species  Productus 
iemiatriatus  and  Streptorhynchus  crenestriaf  amongst  others,  in  the 
Coal-measures  of  North  Staffordshire.  These  species  are,  of  course, 
common  enough  in  the  Carboniferous  Limestone  of  the  district ; 
hot  they  recur  only  at  one  single  horizon  in  the  Yoredale  series, 
and  once  in  the  Coal-measures.  This  fact  affords  undoubted  evidence 
that,  at  some  area,  even  towards  the  close  of  the  Carboniferous 
period,  a  marine  fauna  was  in  existence.  This  fact  at  once  raises 
the  question  as  to  whether  the  Carboniferous  rooks  of  the  world  are 
contemporaneons.  It  is  quite  possible  that  a  slow  wave  of  depression, 
with  occasional  shorter  waves  of  return,  passed  gradually  over 
the  surface  of  the  world,  that  faunas  migrated  with  these  waves, 
&nd  that  deposits  characterized  by  similar  faunas  in  the  different 
parts  of  the  earth  were  anything  but  contemporaneous.  But  to 
follow  this  question  would  lead  me  too  far  astray  for  the  limits  of 
this  paper ;  still,  if  American  palaBontologists  are  correct  in  recog- 
nizing very  few  of  their  fossils  as  belonging  to  European  species, 
though  generically  the  faunas  are  almost  identical,  such  an  interval 
of  time  may  have  been  the  main  cause  in  the  gradual  change  of 
specific  form  by  the  accumulated  variations  of  successive  generations. 

The  beds  of  the  Carboniferous  deposits  are,  as  a  rule,  clmracterized 
^y  repeated  alternations  and  recurrences  of  similar  lithological  strata, 
with  recurrences,  after  great  intervals,  of  similar  floras  and  faunas ; 
luid  it  appears  to  me  that  such  a  series  of  strata  is  not  as  likely  to 
^  differentiated  by  well-marked  and  isolated  zones  of  life  as  might 
obtain  in  a  series  of  rocks  formed  by  a  steady  deposit,  continued  for 
*  long  time.  In  the  British  Isles  it  is  only  in  Central  England, 
North    and    South   Wales,    Somersetshire,    and    parts    of    Ireland 
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that  any  Carboniferous  rocks  exhibit  each  a  persistence  of  oonclitions 
of  deposit  as  the  Carboniferous  Limestone  of  Derbyshire;  for  the 
majority  of  the  Carboniferous  beds  north  of  the  Midlands,  and  in 
Scotland,  exhibit,  rather,  characters  indicative  of  successive  changes. 
If  the  thick  deposits  of  Carboniferous  Limestone  typical  of  North 
Staffordshire,  Derbyshire,  and  South  Yorkshire  be  traoed  north, 
it  appears  in  the  north  of  Yorkshire  to  be  broken  up  into  different, 
well -recognized  beds,  separated  by  beds  of  shale  of  varying 
thickness,  the  latter  thinning  out  towards  the  south.  The  upper 
beds  (Yoredale)  in  this  district  (Ingleborough)  contain  several  beds 
of  limestone,  separated  by  shales,  which  do  not  occur  in  the  same 
series  further  south.  Moreover,  many  fossils  are  common  to  these 
limestones,  and  to  the  **  Massif"  further  south. 

Viewing  the  Carboniferous  rocks  of  Great  Britain  as  a  whole, 
nothing  is  clearer  than  the  fact  that  they  do  not  for  the  most  part 
fall  in  with  the  fourfold  classification — 

Coal-measures, 
Millstone  Orit, 
Toredale  Beds, 
Carboniferoas  Liroestoae — 

of  the  textbooks.  Such  a  classification  will  only  be  found  suitable 
in  the  field  in  the  North  Midlands,  and  I  believe  that  a  twofold 
division  as  is  made  in  North  America  would  better  represent  the 
British  Carboniferous  strata. 


Upper  Carboniferous  ^ 
or  Anthraxiferous 
diTision       

Lower  Carboniferous 
or  Calcareous 

diyision      ...     ...  y 


Coal-measures. 
Millstone  Grit  series. 

fCarboniferous 

f  Yoredale  series.  ^  Limestone 

/       senes. 
\  Calcareous 
Sandstone 
series. 


{Yoredale  series.  ^ 
Carboniferous     \  Scotland... 
series.  J 


In  this  scheme  it  is  not  intended  for  a  moment  to  make  out  that 
the  two  divisions  of  the  Lower  Carboniferous  in  England  are  the 
equivalents  of  those  in  Scotland,  or  to  use  the  word  equivalent  in 
any  other  sense  than  that  in  Scotland  certain  beds  are  at  the  base 
of  the  series,  whilst  in  England  others  are  in  this  position.  It 
would  appear  that  in  Scotland,  Ireland,  and  the  South  of  England, 
the  Carboniferous  period  came  in  gradually,  without  any  very 
marked  change  from  pre-existing  conditions,  so  much  so  that  there 
has  been  much  discussion  as  to  the  precise  position  where  the  line 
between  Carboniferous  and  Upper  Devonian  beds  should  be  drawn. 

In  Yorkshire,  where  alone  in  the  Midlands  the  base  of  the 
Carboniferous  Limestone  is  exposed,  there  are  only  a  few  feet  of 
impersistent  calcareous  conglomerate  between  it  and  unconformable 
Silurian  rocks.  In  this  area  marine  conditions  seem  to  have  com- 
menced suddenly,  and  the  period  of  marine  encroachment  which 
would  have  given  rise  to  littoral  sediments,  to  have  been  of  too  short 
a  duration  to  give  rise  to  any  deposit. 

The  majority  of  the  limestone  deposits  of  Carboniferous  age  are 
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of  marine  origin ;  and  a  calcareous  deposit  differs  essentially  from 
those  of  sandstone  and  clays,  in  being  to  no  great  extent  due  to 
terrestrial  denudation,  and  therefore,  it  may  be  presumed,  that  Car- 
boniferous Limestone  was  laid  down  in  a  sea  into  which  the  muds 
and  sands  brought  down  by  river  action  were  not,  or  were  prevented 
from  being,  deposited. 

The  Carboniferous  series  of  Northumberland  and  Scotland  are 
essentially  oharacteristic  of  those  deposited  near  a  shore  which 
oooasionally  beoame  land,  and  occasionally  was  depressed  deep 
enough  to  allow  limestones  to  accumulate  on  its  floor.  The  land 
which  was  the  source  of  the  muds  and  sandstones  was  probably  of 
no  great  elevation,  and  consequently  river  action  was  not  strong 
enough  to  oarry  the  sediments  far  out  to  sea.  As  conditions  changed 
the  sea  beoame  shallower,  and  consequently  the  shore-line  retreated 
south,  with  occasional  intervals  and  retrogressions ;  so  that  in  the 
north,  marine,  littoral,  and  terrestrial  deposits  are  found  superimposed 
in  varying  and  recurring  sequence,  with  the  faunas  peculiar  to  each 
also  recurring  at  several  horizons  in  a  vertical  deposit  Further 
south,  however,  constant  marine  conditions  obtained  at  first  for  a 
long  time.  Deposition  of  sediment,  however,  seems  to  have  been 
in  the  long  run  always  in  excess  of  the  depression,  for  even  in 
those  areas  where  marine  deposits  are  most  constant  there  is  distinct 
evidence  that  the  sea  was  gradually  becoming  shallower,  for  we  find 
the  massive  limestones  gradually  replaced  by  shale  containing  thin 
limestones,  and  these  in  turn  covered  by  shales,  and  sandstones, 
and  clays,  during  the  deposit  of  which  those  terrestrial  conditions 
obtained  necessary  for  the  growth  of  such  a  flora  as  was  to  result 
in  the  many  beds  of  coal. 

We  may  take  it,  therefore,  that  marine  and  terrestrial  conditions 
existed  contemporaneously  during  the  whole  of  the  Carboniferous 
epoch  in  Great  Britain,  and  that  there  was  a  constant  migration 
of  species  backwards  and  forwards,  according  as  conditions  slowly 
changed,  and  that  many  forms  of  life  existed  in  areas  where  a  steady 
uniformity  of  environment  obtained  throughout  the  whole  of  that 
period.  Under  such  conditions  zones  of  biological  succession  would 
be  of  little  value  as  a  means  for  the  correlation  of  rocks  over  any 
great  areas,  with  the  possible  exception  of  limited  belts  along  the 
line  of  strike  which  would  be  the  equivalents  of  isobathy metrical 
zones. 

The  few  fossils  quoted  as  characteristic  of  a  certain  succession 
of  the  North  of  England,  by  Messrs.  Garwood  and  Marr,  however 
indicative  they  may  be  of  the  sequence  in  a  certain  locality,  seem 
to  me  to  be  singularly  unfortunately  chosen  with  regard  to  the 
British  Carboniferous  beds  as  a  whole.     The  sequence  given  is — 

Beds  with  ^uctus  cf .  Edelburgensis  i  ^oxe^^le  series. 

JP.  giganteu8  \ 

ChoHfU,  papilionacea  Mountain  Limestone  series. 

Ch<etete»  sept09u» 
Sjnri/er  oetoplicata 
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ProduciuB  Edelburgensia,  Phillips,  was  regarded  by  Davidson  as 
a  variety  of  **  P.  giganteus  in  which  the  valves  are  more  coarsely 
striated  with  interspaces  of  almost  equal  or  greater  width."  Phillips 
gives  his  localities  as  Addleburg,  Bolland,  Fountains  Fell,  but 
P,  giganteuB  he  states  is  from  Aldstone  Moor  and  Hawes.  I  have 
found  the  latter  abundantly  in  beds  of  Yoredale  series  in  Teesdale. 
Of  course  Davidson  may  have  been  in  error  in  supposing  that 
P.  Edelhurgenns  and  P.  giganieus  were  the  same  species,  but  it 
would  be  advisable  to  prove  conclusively  that  such  was  the  case 
before  the  two  forms  are  declared  to  be  typical  of  different  horizons. 

In  North  Staffordshire  P.  lat%9s%mu$  and  P.  gig  anient  occur 
together  in  Carboniferous  Limestone  at  Narrowdale,  and  in  Derby- 
shire at  Park  Hill,  near  Longnor.  In  Cheshire,  at  the  Astbury 
limestone  quarry,  and  in  the  last  two  localities,  Chonetes  papilionaeea 
also  occurs.  So  that  in  these  localities,  at  any  rate,  these  three 
forms  cannot  be  said  to  be  characteristic  of  different  horizons.  In 
these  localities  P.  latissimus  and  P.  giganieus  are  very  abundant 
indeed,  with  a  very  rich  fauna  of  characteristic  Lower  Carboniferous 
facies. 

P.  giganteu$  also  occurs  abundantly  in  the  Redesdale  Limestone, 
Northumberland,  a  bed  which  is  recognized  as  the  base  of  the 
Upper  Limestone  series  in  that  county,  and  supposed  to  correspond 
to  the  Yoredale  series  of  Yorkshire.  Both  Froduetus  giganieus  and 
P.  latissimus  are  quoted  by  Lebour  ("  Geology  of  Northumberland," 
p.  116)  as  occurring  together  in  the  Qreat  and  Four- fathom  Lime- 
stones of  Lowiok,  which  occur  above  the  Redesdale  Limestone  and 
high  above  the  Melmerby  Scar  Limestone.  P.  giganieus  also  occurs 
in  the  Pipecross  Limestone  in  the  Carbonaceous  or  Lower  Limestone 
series  of  Northumberland. 

In  the  lists  of  fossils,  arranged  stratigraphically,  contained  in 
the  Memoirs  of  the  Geological  Survey,  Scotland,  explanations  of 
Sheets  23  and  31,  Producius  laiissimus  and  P.  giganieus  are  shown  to 
occur  together  at  many  horizons,  and  to  have  exactly  the  same  vertical 
range.  In  the  pal  aeon  tological  notes  to  the  memoir  of  the  Irish 
Survey,  "The  Geology  of  the  Country  round  Dublin,"  P.  giganieus 
is  stated  to  occur  in  three  different  beds  with  Choneies  papilionaeea, 

Choneies  papilionaeea  occurs  abundantly  in  the  limestone  of 
Cauidon  Low,  North  Staffordshire,  one  of  the  highest  beds  of  the 
deposit,  and  probably  a  much  higher  horizon  than  the  beds  of 
Waterhouses  and  Narrowdale,  where  P.  giganieus  and  P.  latissimus 
occur.  Neither  Chaietes  sepiosus,  as  far  as  my  experience  goes,  nor 
any  other  coral  occurs  at  Cauidon  Low,  which  is  characterized  by 
abundance  of  the  rare  P.  hnmerosuSi  and  the  stone  itself  has  peculiar 
and  distinctive  lithological  characters.  Davidson  quotes  Choneies 
papilionaeea  from  Otterbnrn,  but  I  can  find  no  authenticated 
occurrence  of  this  species  in  Northumberland. 

Under  such  circumstances,  therefore,  the  value  of  the  fossils 
mentioned  as  distinctive  of  zonal  succession  can  hardly  be 
sustained,  as  the  majority  of  them  occur  at  more  than  one  horizon, 
and  are  found  in  other  localities  not  by  any  means  in  the  vertical 
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wqaenoe  given.  Like  many  other  Carboniferous  fossils,  they 
reappear  at  higher  horizons  after  long  intervals,  and  I  have  never 
been  able  to  make  oat  to  my  own  satisfaction  any  life  zones  in 
Carboniferous  rocks.  What  I  have  observed  over  and  over  again 
is,  that  a  return  of  similar  condition  of  deposit  is  accompanied  by 
a  return  of  similar  faunas.  At  the  same  time,  if  I  could  be  of  any 
use  to  other  observers  in  identifying  the  Lamellibrancbiata  and 
Braohiopoda»  I  should  be  only  too  glad  to  help  in  any  work  having 
for  its  object  the  better  knowledge  of  the  Carboniferous  rocks. 

YL — Thk  Fossils  of  the  Wabhinstrb  Gbbknsand.^ 
Bj  A.  J.  Jukbs-Bbownb,  BA.,  F.G.S. 

THE  fossils  of  the  Upper  Greensand  of  Warminster  have  long 
been  known  to  collectors  and  geologists  on  account  of  their 
number,  variety,  and  excellent  state  of  preservation ;  but  little 
information  has  ever  been  published  regarding  the  beds  which  yield 
them.  Collections  of  the  fossils  are  to  be  seen  in  most  of  the 
museums  of  the  country,  and  the  fauna  represented  by  these 
collections  has  often  been  regarded  as  the  typical  fauna  of  the 
English  Upper  Greensand.  This,  however,  is  a  mistake,  for  where 
fully  developed,  as  in  Wiltshire,  the  Upper  Greensand  includes  two 
faunas  which  differ  considerably  from  one  another — (1)  that  of  the 
malmstone  and  micaceous  sand  (Devizes  Beds),  (2)  that  of  the  green- 
sands  and  chert  beds  (Warminster  Beds).  The  complete  succession 
of  the  Qault  and  Greensand  Beds  near  Warminster  is  as  follows  : — 

6.  light  greensand  \ 

6.  Chert  bedB  \  Warminster  beds. 

4.  Greensand  and  sandstone  ) 

3.  Green  and  yellow  micaceous  sands  \  jv    .  ^  ,    i. 

2.  Malmstone  J  Uevizes  beds. 

1.     Micaceous  clays    s    Lower  Gault. 

When  examining  the  district  in  1889  for  the  Geological  Survey, 
I  made  every  endeavour  to  ascertain  the  exact  locality  or  localities 
from  which  the  so-called  Warminster  fossils  came.  I  found  that 
most  of  the  fossils  which  had  found  their  way  into  museums  had 
been  supplied  by  a  man  named  Baker,  who  lived  at  Warminster, 
and  collected  them  for  sale.  It  was  also  known  that  he  obtained 
most  of  them  from  a  field  near  Sbute  or  Chute  Farm,  which  is 
situate  about  three  miles  on  a  straight  line  south-west  of  Warminster. 

On  going  to  this  place  I  was  shown  the  field  in  question  and 
a  depression  which  had  been  a  sand-pit.  The  men  employed  on  the 
farm  informed  me  that  Baker  often  visited  this  pit,  but  that  many 
fossils  could  be  picked  up  on  the  surface  of  the  field  after  it  had  been 
ploughed.  I  had  a  trench  dug  down  the  slope  of  the  old  shallow 
pit,  and  this  proved  the  existence  of  about  two  feet  of  hard 
glauconitic  and  gritty  chalk  with  phosphatio  nodules,  passing  down 
into  softer  sandy  marl  with  a  few  such  nodules,  and  below  tliis 
a  loose  greensand  of  finer  grain  containing  many  of  the 
characteristic  Warminster  fossils. 

^  Published  by  permission  of  the  Director-General  of  the  Geological  Surveys. 


262  A,  J.  Jukes-Brown 

It  was  evident,  therefore,  that  when  this  pit  was  worked  it  exposed 
a  soft  fossiliferous  greensand  overlain  by  sandy  "  Chloritio  Marl," 
which  is  also  generally  a  bed  rich  in  fossils;  consequently  it  is 
highly  probable  that  the  collections  made  by  Baker  included  all  the 
fossils  he  could  get  from  both  horizons,  and  from  the  surface  of  the 
surrounding  field. 

At  Rye  Hill  Farm  (Ray  Hill  on  the  old  Ordnance  Map),  half 
a  mile  south-east  of  Shute  Fcum,  there  are  some  small  pits  still  open, 
which  show  the  junction  of  Chalk  and  Greensand  very  clearly, 
a  light-green  fossUiferous  sand  passing  up  into  greenish  sandy  marl 
with  a  few  scattered  phosphatic  nodules,  and  further  up  the  lane 
harder  "  Ohloritic  Marl "  with  more  phosphates  can  be  found.  The 
chert  beds  crop  out  in  the  lane  to  the  eastward,  and  the  total 
thickness  of  the  soft  greensand  cannot  be  more  than  ten  feet 

The  fossils  in  this  sand  are  chiefly  the  small  Schinoderms  and 
Brachiopods,  which  are  such  well  known  *^  Warminster  fossils." 
Small  lumps  of  pale-yellow  calcareous  material  also  occur  in  the 
sand,  and  some  of  these  are  casts  of  Ammonites  varians  and  Am. 
curvatus,  which  do  not  occur  in  any  other  state  of  preservation,  and 
are  easily  distinguished  from  the  casts  in  brown  phosphate  which 
are  so  common  in  the  overlying  Gbloritic  Marl. 

This  sand  and  the  Ohloritic  Marl  are  not,  however,  the  only 
sources  whence  Baker  may  have  got  his  fossils.  He  had  no 
knowledge  of  geology,  and  would  naturally  mix  together  all  fossils 
which  he  obtained  from  greensands  and  sandstones  near  Warminster. 
The  chert  beds,  which  consist  of  greenish-grey  sands  with  lenticular 
layers  of  chert  and  cherty  stone,  are  dug  for  road-metal  at  Long- 
bridge  Deverill,  Sutton  Veny,  Boreham,  and  Warminster.  These 
beds  yield  siliceous  sponges,  some  large  Echinoderms,  Neithea 
quadricostata,  Pecten  asper,  and  P,  orbicularis.  Still  lower  are 
coarse  glaucx)nitic  sands  with  a  layer  of  greenish  calcareous  sand- 
stone, which  is  the  home  of  four  species  of  Pecten  ^P.  asper^ 
P,  orbicularis f  P.  Qalliennei,  and  P,  (Janird)  quadricostata,  Tiiese 
beds  are  well  exposed  at  Longbridge  Deverill,  and  were  doubtless 
laid  under  contribution  by  Baker  in  making  up  his  collections,  for 
I  have  detected  specimens  with  this  matrix  in  several  museums. 

The  several  beds  of  greensand  above  mentioned  exhibit  differences 
which  enable  one  who  is  familiar  with  them  to  distinguish  land 
specimens  from  one  another,  and  the  fossils  of  each  can  also  be 
separated  when  sufficient  matiix  is  attached. 

Thus  the  matrix  of  the  chert  beds  is  a  pale  whitish -grey  silty 
sand,  fine-grained  and  powdery,  with  very  small  grains  of  glauconite; 
it  is  often  cemented  by  silica  into  a  hard  siliceous  stone.  The  stone- 
bed  below  is  a  rather  coarse  sandstone,  decidedly  green  from  the 
abundance  of  glauconite,  and  cemented  by  calcite. 

The  Rye  Hill  Sand  is  also  rather  coarse,  with  large  grains  of  quartz 
but  with  less  glauconite,  so  that  in  colour  it  is  pale  greenish -grey. 
The  sand  grains  often  cling  closely  to  the  fossils,  and  appear  to  be 
glued  to  them  by  a  thin  coating  of  silica. 

None  of  these  sands  contain  mica,  so  that  any  fossils  imbedded  in 
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a  mioaoeons  sand  or  sandstone  may  be  at  onoe  rejected,  as  they  must 
have  oome  from  the  lower  beds  of  the  greensand,  which  are  so 
fossiliferous  near  Devizes. 

The  fact  already  mentioned  that  none  of  these  beds  contain 
phosphatic  nodules  is  of  the  greatest  importance,  because  it  follows 
that  all  fossils  in  brown  phosphate  should  be  excluded  from  the  fauna 
of  the  Warminster  Greensand.  Hitherto,  nearly  every  collection 
has  included  some  of  these  phosphatized  fossils,  which  are  principally 
casts;  but  as  they  have  all  come  from  the Chloritio  Marl  which  over- 
lies the  Rye  Hill  Sand,  they  ought  not  to  be  left  among  the  fossils 
of  the  Warminster  Greensand. 

Fossils  were  collected  from  the  Bye  Hill  Sand,  from  the  chert 
beds,  and  from  the  sands  below,  both  by  myself  and  by  Mr.  Khodes, 
the  fossil-collector  of  the  Geological  Survey,  and  the  results  are 
embodied  in  the  following  lists.  From  our  observations  it  would 
seem  that  most  of  the  so-called  Warminster  fossils  come  from  the 
Kye  Hill  Sand,  but  that  the  large  Janira  qaadricostaia,  most  of 
the  larger  Echinoderms,  and  all  the  large  sponges,  belong  to  the 
chert  beds,  and,  with  the  exception  of  Cardiaster  fossarius^  do  not 
rang^  in  the  upper  sands.  Pecten  asper  ranges  throughout  from  the 
based  glauoonitic  sandstone  to  the  top  of  the  formation  and  into  the 
Chloritic  Marl  above. 

With  regard  to  the  sponges,  Dr.  Hinde  has  called  my  attention  to 
a  manuscript  written  by  Miss  £.  Benett  in  1816,  and  preserved  in 
the  library  of  the  Geological  Society,  entitled  "  Sketches  of  Fossil 
Alcyonaria  from  the  Greensand  Formation  at  Warminster  Common 
and  in  the  immediate  vioinity  of  Warminster."  I  am  indebted  to 
Dr.  Hinde  for  the  following  extracts  from  this  MS.  Miss  Benett 
says: — 

"  The  valley  on  Warminster  Common  where  these  Alcyonaria  are 
found  is  a  poor  thin  peat  covered  with  furze  and  heather.  The 
quarries,  if  so  they  can  be  called,  for  they  seldom  exceed  two  feet 
deep,  are  on  the  sides  of  the  hills,  as  1  am  informed  that  the  stone 
on  the  tops  of  the  hills  is  too  flinty  for  the  purposes  for  which  it  is 
required,  and  these  flinty  stones,  as  far  as  I  have  examined  them,  do 
not  contain  any  organic  remains.  The  local  name  of  the  stone  is 
Burrs;  they  are  used  for  building  and  for  scythe-stones  :  these  Burrs 
lie  close  to  the  surface  in  a  fine  yellow  sand,  immediately  above  the 
greensand,  and  the  nodules  containing  the  Alcyonaria  are  rather 
plentiful. 

**  At  Whitburn,  near  Clay  Hill,  in  the  same  neighbourhood,  the 
greensand  comes  to  the  surface,  and  these  fossils  lie  in  it  in  the  same 
Bituation.  At  Boreham,  on  the  east  side  of  Warminster,  the  grey 
sand  is  uppermost,  and  there  we  also  found  the  same  sort  of  fossils, 
but  they  are  rare  ;  it  therefore  appears  to  me  that  they  belong  to  the 
top  of  the  sand  formation  without  regard  to  the  sort  of  sand." 

From  this  it  is  clear  that  the  sponges  were  chiefly  found  to  the 
west  of  Warminster,  and  when  there  in  1889  I  found  a  small  quarry 
open  at  Bugley  in  the  burr-stone  beds  described  by  Miss  Benett. 
It  is  a  fact  that  on  this  side  of  Warminster  there  is  less  chalcedouic 
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oberty  and  that  there  are  layers  and  lumps  of  light-grey  silioeoas 
stone  and  others  of  calcareous  stone  in  chert  beds.  The  yellow  sand 
mentioned  by  her  is,  of  course, .  merely  oxidized  greensand,  and  the 
flinty  stones  on  the  hills  are  flinty  cherts  accumulated  there  as 
insoluble  remnants  by  the  gradual  detrition  and  destruction  of  the 
chert  beds. 

I  propose  first  to  give  a  list  of  the  fossils  which  have  been  found 
in  the  chert  beds  and  in  the  greensands  which  underlie  them. 
Those  marked  S  are  species  which  have  actually  been  found  in  sitik 
by  Mr.  Rhodes  or  by  myself,  while  those  marked  M  are  in  other 
collections,  but  are  believed  to  have  come  from  the  chert  beds.  For 
the  list  of  sponges  I  am  indebted  to  Dr.  Hinde. 

LIST  I. 
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Fiihet. 
Ox3rrhina  Bfantelli,  Ag. 

Odontaspis 

PycnoduB     

CephalopikUi. 
Ammomtes,  sp. 
Belemnites,  sp 

LamelUbranchiata, 
Ayicula  gryphaooides,  Sow. 

Exogyra  conica,  Sow 

Inoceramus,  sp.       ...         ... 

Lima  semisulcata,  Sow 

Lucioa,  sp.  ... 
Ostrea  vesiculosa,  Sow. 
Pecten  asper,  Lam.... 

Galliemiei,  D*Orb.  

orbicularis,  Sow 

(Janira)  quadricostata,  Sow. 
„      qmnquecostata,  Sow. 

Bolyzoa. 
Entalophora,  sp 

Annelida. 

Ditrupaf  sp 

Seq)ula  antiquata,  Sow 

Vermicularia  concava,  Sow.  

„  umbonata  (?),  Sow 

EehinodertMUa, 

Cardiaster  fossarius,  Benett  

,,        Perezii,  Sism.  (Brit.  Mus.)      ... 
Discoidea  subucula,  Klein 
Echinospata^  Collegnii,  Sism.  (Brit.  Mus.) 

Epiaster  Lorioli,  Wright 

„       Dolygonus,  D'Orb.  (Bristol  Mus.) 

Holaster  laevis  (?) ,  Deluc 

„       trecensis  (P).  Leym 

Pseudodiadema  variolareCr"),  Brong. 
Salenia,  sp 
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Cbert 

Lower 

Beda. 

Sanda. 

Siliceous  Spongei 

r. 

CirtereUA  cylindrica,  Zitt. 

•  • 

••• 

M 

— • 

Chenendopora  Michelini.  Hinde    .. 

«•■ 

«•• 

M 

— . 

Doryderma  BenettisB,  Hinde 

•  •  • 

ft  •  ft 

M 

— 

„          dichotomum,  Benett   ... 

•  •  • 

•  ft* 

M 

— 

Hallirboa  agariciformis,  Benett    ... 

•  •• 

ft** 

M 

— 

,,       oostata,  liam.     .. 

•  •• 

M 

— > 

y,             ,,      var,  brevicoBtata,  Mich. 

•  •• 

M 

— 

,,            ,y      var.  elongttta,  Hinde 

•  •  • 

■  ft  • 

M 

«— 

Holodictyon  capitatum,  Hinde 

•  •• 

•  •• 

M 

— 

Jerea  Websteri,  Sow 

•  •• 

•  •• 

M 

— . 

,,    reticulata,  Hinde       

•  •• 

ft  •  ft 

M 

— 

Jereica  crlindrica,  Hinde 

Kalpinella  pateriformis,  Hinde     ... 

•  •• 

••• 

M 

— 

•  •• 

•  •• 

M 

— 

„         rugoea,  Hinde 

•  •  ft 

ft  ft  « 

M 

— 

Kematinion  i^lyculnssa,  Hinde     ... 

•  •  • 

•  ft  ft 

M 

— 

Pichypotenon  compactam,  Hinde... 

•  •  • 

•  •  • 

M 

— 

„            robustum,  Hinde    ... 

•  •  • 

•  •  ft 

M 

— 

Polyjerea  arboscula,  Hinde 

•  •• 

•  ft  ft 

M 

^— 

„       lobata,  Hinde    

•  •• 

•  ft* 

M 

— > 

Sclerokalia  Cunningtoni,  Hinde    ... 

•  •• 

ftft  • 

M 

— 

Sipbonia  tulipa,  Zitt 

•  t  • 

•  •  ft 

M 

— 

Bhopalospongia  gre^^aria,  Benett  ... 

•  •  • 

•  •ft 

M 

— 

,,             obliqua,  Hinde     ... 

•  •  • 

•  •  ft 

M 

Tracbysjcon  nodosum,  Hinde 

•  •  • 

ft  •  • 

M 

— 

Calcareous  Spongt 

'«. 

Corynella  rugosa,  Hinde    

•  •• 

•  ft  ft                 1 

M 

«— 

„        socialifl,  Hinde 

•  •  • 

•  •  • 

M 

Elannoetonia  consobrinum,  D^Orb. 

•  ft  • 

•  •  • 

M 

,,            Nonnannianum,  D*Orb. 

•  •• 

•  •  ft                1 

M 

Peronidella  furcata,  Groldf. 

•  •• 

•  •• 

M 

— 

Pachytilodia  infundibaliformis,  D*Orb. 

•  •  • 

•  ft  ft 

M 

Pbaretrospongia  Strabani,  Sollas  ... 

•  •  • 

ft  •  ft                1 

M 

*~~ 

Hydrozoa. 

Porospbaea  orceoUta,  Pbil. 

•  ft  ft 

•  ftft                 < 

\ ft  •                   — "^ 
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It  will  be  noticed  that  the  list  of  Mollusoa  is  not  a  long  one,  and 
that  there  is  a  remarkable  absence  of  Brachiopoda.  Echinodernis, 
again,  are  not  numerous  either  in  species  or  individuals,  and  as 
regards  two  of  the  species,  Cardiaster  Ferezii  and  Echinospatagus 
Collegnii,  it  is  very  doubtful  whether  they  came  from  this  part  of  tlie 
Greensand  :  even  if  they  really  came  from  the  neighbourhood  of 
Warminster,  it  is  more  probable  that  they  were  obtained  from  the 
yeliow  sands  above  the  Malmstone  which  belong  to  the  zone  of 
Ammonites  roatratus, 

Pecten  asper  is  a  common  fossil  in  these  beds,  and  so  far  as  this 
district  is  concerned  they  might  naturally  be  grouped  as  the  zone  of 
P.  atper. 

We  now  come  to  the  fauna  of  the  uppermost  bed  of  greensand 
which  overlies  the  chert  beds,  and  which  is  specially  fossiliferous  on 
the  farms  of  Chute  and  Rye  Hill.     It  is  from  these  localities  that 
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most  of  the  so-oalled  Warminster  fossils  have  come,  and  the  list 
which  follows  is  believed  to  be  a  complete  catalogue  of  the  fauna  of 
this  Rye  Hill  Sand. 

From  it  have  been  excluded  all  phosphatized  fossils  and  all 
specimens  which  could  be  recognized  by  the  matrix  as  having  come 
from  the  chert  beds  below,  or  from  the  still  lower  beds  of  green 
sand,  yellow  sand,  and  bu£f  micaceous  sandstone  which  occur  near 
Warminster,  Westbury,  and  Devizes.  There  are,  however,  still 
some  specimens  about  the  exact  gisement  of  which  I  feel  doubtful, 
and  it  is  possible  that  a  few  species  have  been  admitted  into  this 
list  which  have  not  really  come  from  the  particular  bed  of  Green- 
sand  in  question.  If,  therefore,  it  is  not  a  perfectly  accurate  list,  it 
will  err  rather  in  comprehending  too  many  than  too  few. 

I  have  done  all  in  my  power,  however,  to  make  it  as  accurate  as 
possible,  and  have  to  thank  many  friends  and  correspondents  for 
assisting  me  in  the  matter.  Messrs.  0.  Sharnian  and  E.  T.  Newton 
have  kindly  looked  at  all  the  fossils  labelled  '*  Warminster  Green- 
sand  "  in  the  cases  of  the  Museum  in  Jermyn  Street,  with  the  result 
that  many  were  found  to  be  phosphatic  casts,  and  have  consequently 
been  excluded  from  the  present  list 

For  the  list  of  species  entered  under  the  second  column  (British 
Museum)  I  am  indebted  to  Dr.  W.  F.  Hume,  F.GS.,  who  made 
a  careful  examination  of  the  specimens  in  order  to  distinguish  the 
true  Warminster  fossils  from  such  as  seemed  to  have  come  from 
other  horizons. 

The  fossils  in  the  Devizes  Museum  were  examined  and  named  by 
myself  in  1888,  to  the  best  of  my  ability  at  that  time.  The  list 
of  those  in  the  Woodwardian  Museum,  Cambridge,  was  made  by 
Mr.  H.  Woods,  F.G.S.,  but  some  specimens  about  which  doubt  existed 
were,  with  the  permission  of  Prof.  Hughes,  sent  to  me  for  examina- 
tion. In  the  same  way  I  have  to  thank  the  Hev.  H.  H.  Winwood 
for  allowing  me  to  see  most  of  those  in  the  collection  at  Bath. 

The  list  of  Polyzoa  is  taken  from  the  "  Catalogue  of  the  Cretaceous 
Fossils  in  the  Museum  of  Practical  Geology"  (1878) ;  there  is  also 
a  collection  of  them  in  the  British  Museum,  but  they  are  being 
revised  by  Dr.  J.  W.  Gregory,  who  informs  me  that  the  nomencla- 
ture of  the  Polyzoa  (both  genera  and  species)  is  in  a  very  unsettled 
state. 

The  nomenclature  of  the  Lamellibranchiate  Mollusca  is  also 
greatly  in  need  of  revision.  The  species  of  Pecten  and  lAma  men- 
tioned in  the  following  list  are  especially  open  to  correction :  thus, 
the  names  elongatus  (Lam.),  and  Raulinianus  (D*Orb.),  are  attached 
to  certain  Pectens  in  most  of  the  museums,  but  I  doubt  if  they  are 
correctly  so  named.  Again,  the  Pecten  I  have  called  P.  Galliennei 
(D'Orb.),  has  usually  been  named  P.  interatriatus  (Leym.),  although 
D'Orbigny  pointed  out  in  his  Prodrome  that  Leymerie's  name  was 
given  to  another  Pecten  by  Munster  in  1841.  Moreover,  the  species 
occurring  at  Warminster  agrees  more  closely  with  that  named 
Oalliennei  by  D'Orbiguy,  than  with  the  Aptian  form  which  he 
renamed  Aptienain. 
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With  reapeot  to  the  Iinue  I  liave  united  tboae  which  are  named 
L.  globota  and  L.  alhantit  in  different  muMume,  though  it  ts  poasible 
there  are  two  speoiea.  I  have  also  entered  under  the  head  of 
L.  omata  (D'Oro.),  some  whioh  have  been  named  L.  Bauliaiana 
(D'Orb.))  whioh  ia  a  kindred  but  different  spooioa. 
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When  we  oome  to  study  the  oomponentfl  of  this  fauna  we  find  it 
to  he  a  curious  mixture  of  species,  many  of  them  being  species  which 
are  common  in  the  Chalk  Marl,  and  are  not  known  to  occur  below 
this  particular  bed  of  sand  or  its  equivalent  on  the  south  coast, 
while  others  are  species  which  do  not  range  higher,  or  are,  at  any 
rate,  not  found  in  the  Chalk  Marl.  Considering  the  stratigraphiced 
position  of  the  Rye  Hill  Sand  and  the  upward  passage  from  it  to  the 
Ghloritio  Marl,  it  is  not  surprising  to  find  that  the  fauna  also  exhibits 
a  transitional  character.  It  will,  however,  be  useful  to  discuss  the 
evidence  afforded  by  the  members  of  each  class  or  order  separately. 

Cephalopoda, — All  the  Ammonites  and  most  of  the  other  Cepha- 
lopods  are  species  which  characterize  the  true  Chloritic  Marl  (zone 
of  Stauronema  Carteri)  and  the  Chalk  Marl  (zone  of  Ammonites 
tartans).  So  far  as  my  experience  goes,  none  of  them,  except 
Belemnitella  ultima,  Nautilus  subradiatus,  and  Ammonites  planulatus, 
range  down  to  lower  horizons. 

Gasteropoda, — It  is  doubtful  how  many  of  these  really  occur  in  the 
Bye  Hill  Sand  ;  they  are  certainly  rare,  and  most  of  those  in  museum 
collections  have  come  from  the  Chloritic  Marl.  Of  those  admitted 
to  my  list,  the  range  of  most  is  probably  upward  as  well  as  downward. 
Lamellibranchiata, — The  distribution  of  these  is  remarkable ;  only 
four  of  them  range  down,  no  less  than  10  have  an  exclusively 
upward  range,  while  12  range  both  up  and  down,  and  six  are 
doubtfully  identified  with  French  Cenomanien  species.  This  part 
of  the  fauna,  then,  has  decidedly  closer  relations  with  that  of  the 
Chalk  Marl  than  with  that  of  the  Greensand. 

Brachiopoda, — Of  these,  again,  only  four  are  exclusively  Green- 
Band  species ;  and  one  of  these,  the  supposed  Rhynchonella  sulcata, 
is  probably  an  extreme  variety  of  Bh,  dimidiala.  Seven  species 
belong  decidedly  to  the  Lower  Chalk  fauna,  and  eight  are  believed 
to  range  both  up  and  down. 

Crustacea, — Of  these,  five  range  down  to  the  Gault,  two  are 
peculiar  to  the  Rye  Hill  Sand,  and  only  Scalpellnm  lineatum  ranges 
into  the  Chalk.  The  Brachyurous  Crustacea  seem,  therefore,  to  be 
the  relics  of  an  older  fauna,  and  as  none  have  yet  been  found  in  the 
Chalk  Marl  it  would  seem  as  if  the  physical  conditions  of  that 
deposit  were  unsuitable  to  them. 

Annelids, — These  are  long-lived  creatures,  but  most  of  the  species 
in  the  list  range  upward ;  and  though  some  range  down  as  well,  only 
one  is  specially  a  Greensand  species. 

Schinodermata, — Out  of  a  total  of  28  species  nine  are  rare  fossils, 
either  unknown  elsewhere  in  England  at  present,  or  found  only  in 
^"6  Cenomanian  of  Devon.  Deducting  these  nine,  the  remainder 
Jjl9;  and  of  these,  11  range  upward,  occurring  either  in  Chloritic 
Marl  or  Chalk  Marl,  five  range  both  up  and  down,  while  only  three 
^^^  not  known  to  occur  at  higher  horizons.  One  of  the  last, 
C^rdiaster  fossarius,  is  very  characteristic  of  the  higher  part  of 
the  Upper  Greensand  in  the  south  and  south-west  of  England. 
^^  18  common  in  the  Chert  Beds  near  Warminster,  but  seems  rather 
^^^  in  the  Rye  Hill  Sand. 
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No  fewer  than  13  of  tlie  species  occur  in  the  Chalk  Marl,  and  it  is 
dear  that  there  is  a  preponderating  Chalk  Marl  element  in  the 
Echinoid  fauna  of  the  Rye  Hill  Sand.  The  fact  has  been  noted 
before,  though  it  has  not  been  stated  correctly ;  thus.  Dr.  Wright, 
in  his  Monograph  on  the  Cretaceous  Echinodermata,  makes  the 
following  remarks :  "  I  have  long  noticed  nearly  all  the  Upper 
Oreensand  Echinidsd  are  found  in  the  Grey  Chalk,  and  that  the 
specimens  from  the  latter  stratum  are  in  general  larger  and  more 
fully  developed,  as  if  they  had  been  better  nourished,  than  those 
collected  from  the  arenaceous  beds  of  the  Upper  Greensand  of 
Wiltshire  and  other  localities." 

The  mistake  Dr.  Wright  and  everyone  else  have  made  is  in 
regarding  all  these  Warminster  Eohinoderms  as  characteristic 
Upper  Greensand  species.  They  are  really  Chalk  Marl  species, 
and  the  very  topmost  bed  of  the  GreenRand  at  Warminster  and 
elsewhere  is,  for  many  of  them,  the  limit  of  their  downward  range. 
In  other  words  they  are  not  Greensand  species,  but  Chalk  species 
which  make  their  first  appearance  at  this  horizon. 

Aetinozoa. — Only  four  corals  have  been  obtained  from  the  Bye 
Hill  Sand,  and  three  of  these  are  Chalk  forms,  the  fourth  being 
Aetrocania  decaphylla,  for  which  the  only  other  known  locality  is 
Haldon,  in  Devonshire,  and  as  the  coral  bed  there  is  at  the  top  of  the 
Greensand  it  may  not  be  older  than  the  Rye  Hill  Sand. 

Reviewing  the  above  palseontological  evidence,  we  find  that  the 
total  number  of  species  which  range  up  into  the  Chalk  Marl  is  much 
greater  than  the  number  of  those -which  range  down  through  the 
Upper  Greensand,  and  this  is  so  after  the  exclusion  of  many  species 
which  have  hitherto  been  admitted  as  Warminster  fossils,  but  which 
really  came  from  the  Chloritic  Marl.  Roughly  speaking  and  setting 
aside  those  which  range  both  ways,  the  species  ranging  upward  are 
nearly  three  times  as  many  as  those  ranging  downward. 

If  the  Rye  Hill  Sand  were  only  known  as  an  outlying  patch, 
situated  further  west,  and  we  had  only  the  evidence  of  the  fossils 
to  guide  us  in  determining  its  geologic  age,  it  might  have  been 
regarded  as  a  shallow- water  deposit  of  the  age  of  the  Chalk  Marl, 
and  the  Ammonites  might  have  been  appealed  to  as  strong  evidence 
in  support  of  the  contention.  Nor  would  the  conclusion  have  been 
very  far  wrong,  for  the  bed  is  only  just  below  the  Chalk  Marl. 

This  preponderance  of  upward-ranging  species  in  the  Rye  Hill 
Sand  accounts  for  the  idea  put  forward  in  1874  by  Mr.  C.  J.  A. 
Meyer*  that  "the  fossiliferous  portion  of  the  so-called  Upper 
Greensand  of  Warminster  is,  properly  speaking, 'Chloritic  Marl,' 
instead  of  'Upper  Greensand,'  as  usually  stated."  Judging  from 
the  collections  of  Warininster  fossils  seen  in  museums,  and  without 
the  stratigraphical  knowledge  which  has  since  been  obtained,  it  was 
a  very  natural  conclusion  on  his  part,  though  it  is  not  strictly  correct. 

The  limitation  of  the  so-called  Warminster  fauna  to  a  few  feet 
at  the  top  of  the  Upper  Greensatid  has  an  important  bearing  on 
the   Cenoraanian  question,  for  it  will   show  our  French  confrires 

^  Quart.  Joum.  Geol.  Soc,  vol.  xxi,  p.  381. 
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that  the  fauna  whioli  they  rightly  regard  as  so  essentially  Cenomanien, 
is  not  a  typical  Upper  Greensand  faana,  nor  even  the  fauna  of  the 
Oreensand  chert  beds ;  but  is  the  fauna  of  a  special  bed  which  lies 
only  just  below  the  hoiizon  that  is  taken  by  Mr.  Hill  and  myself 
as  the  base  of  the  Cenomanian  both  in  France  and  England.^ 

The  fact  that  this  bed  contains  so  many  precursors  of  the  Chalk 
Marl  (or  Cenomanian)  fauna  does  not  seem  to  me  a  sufficient  reason 
for  excluding  it  from  the  Upper  Greensand ;  though  doubtless  most 
French  geologists  would  think  so.  D'Orbigny's  doctrine,  that  every 
system  can  be  divided  into  stages,  the  faunas  of  which  are  sharply 
marked  off  from  one  another,  has  greatly  influenced  French  opinion, 
and  they  still  seem  to  have  a  tendency  to  put  a  higher  value  upon 
the  evidence  of  fossils  than  upon  other  lines  of  evidence. 

My  own  experience  as  a  field  geologist  has  taught  me  that 
exposures  which  are  twenty  or  thirty  miles  apart,  generally  show 
some  little  differences  in  the  distribution  of  fossils,  above  and 
below  any  line  of  separation  which  can  be  taken  between  two 
stages.  When  localities  are  still  further  apart,  the  range  of  species 
differs  more ;  no  one  now  supposes  that  a  species  appeared  every- 
where at  the  same  epoch  of  time,  and  we  must  not  allow  the  evidence 
of  fossils  to  override  plain  stratigraphical  facts. 

Appendix. 

The  following  is  a  list  of  the  species  to  which  the  specimens 
preserved  in  brownish  phosphate  included  in  many  collections  of 
Warminster  fossils  belong.  It  will  be  seen  that  many  species  have 
heen  excluded  on  this  account  from  the  previous  lists ;  but  there  is 
DO  doubt  that  some  occur  both  in  the  matrix  of  the  Rye  Hill  Sand 
and  in  that  of  the  Chloritic  Marl,  though  all  are  more  common  in 
the  latter. 

Ammonites  Conpei,  Brong. 
cunratus,  Maat. 
falcatus,  Mant. 
complanatuB  ? 
Mantelli,  Sow. 
naTicularis,  Mant. 
planulatus.  Sow. 
varians,  Sow. 
Scaphites  sequalis,  Sow. 
Tunilites  Bergeri,  Brong. 
costatus,  Lam. 
Gravesianu8,  D'Orb. 
Morrisii,  Sharpe. 
tuberculatuB,  lioBc. 
Nautilus  Deslon^hampsianus,  D*Orb. 

,,     Fittoni,  Sha^e. 
Ayellana  caseis. 
Aporrhais  Parkinsoni?    and    other 

species. 
Colombellina,  sp. 
Emarginula  Gresslya,  P.  and  C. 

„        sp. 
Dentalimn  ellipticum.  Sow. 


it 
if 
f» 
f» 

if 
»» 
>» 


a 

99 


>» 


»» 


Crepidula,  sp. 
Fusus  bilineatus? 

„     sp. 
Pleurotomaria  Rhodani,  D'Orb. 

Thurmauni,  P.  and  R. 
vraconnensis,  P.  and  C. 
Phasianclla,  sp. 
Turbo,  sp. 
Solarium  Martinianum,  D'Orb. 

,,       dentatum,  D'Orb. 

„       omatum,  Sow. 
Scalaria  Rauliniana,  D'Orb. 
Natica  gaultina,  D'Orb. 
Ptorocera  intlata,  D'Orb. 
Cuculhea  glabra.  Park. 

,,       ugeriensis?,  D'Orb. 
Area  Mjiilleana.  D'Orb. 
Cyprina  quadrata,  D'Orb. 
Unicanlium  Ringmeriense,  Mant. 
Nucula  pectinata,  Sow. 
Lutniria  carinifera,  D'Orb. 
Catopygus  columbarius,  Lam. 


*  See  Quart.  Joum.  Geol.  Soc,  vol.  lii,  pp.  105,  119. 
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I. — The  Extinct  Vkrtibbata  of  thi  Mobat  Pibth  Arka.  By 
R.  H.  Traquaib,  M.D.,  LL.D.,  F.R.S.  [Reprint  from  Brown 
And  Buckley's  "Vertebrate  Fauna  of  the  Moray  Basin" 
(Edinburgh,  1896),  pp.  235-286,  pis.  i-ix.] 

MESSRS.  BROWN  AND  BUCKLEY  have  done  good  service 
to  Vertebrate  Palaeontology  by  inducing  Dr.  Traquair  to 
contribute  to  their  recently  published  volume  on  the  vertebrate 
animals  of  the  Moray  Basin,  a  summary  of  the  known  fossil  fishes 
from  the  Old  Red  Sandstone  of  that  area.  The  supplement  occupies 
fifty  pages,  and  is  illustrated  by  nine  plates  of  Old  Red  fishes 
drawn  by  Dr.  Traquair  himself;  only  ten  pages  of  it  are  devoted 
to  the  enumeration  of  the  vertebrata  of  the  Triassic,  Jurassic,  and 
Pleistocene  deposits.  Six  of  the  nine  plates  are  occupied  with 
useful  restorations,  some  already  published  elsewhere,  but  the 
majority  quite  new,  and  giving  a  much  more  correct  idea  of  the 
Old  Red  Sandstone  fishes  than  any  restorations  previously  attempted. 
They  are  only  marred  by  the  process  of  reproduction,  which  imparts 
to  them  an  inartistic  coarseness. 

After  some  preliminary  remarks  on  the  distribution  and  divisions 
of  the  Old  Red  Sandstone  in  the  Moray  Basin,  accompanied  by  an 
enumeration  of  the  literature  of  the  subject,  Dr.  Traquair  proceeds 
to  treat  of  the  fishes  of  the  Lower  Old  Red  Sandstone  (Orcadian 
Series).  They  are  systematically  arranged,  though  not  technically 
described ;  and  the  known  localities  for  each  species  are  carefully 
enumerated.  The  Acanthodians  are  named  Diplacanthus  striaim, 
D,  tenuistriatus^  Bhadinacanthus  longispinus,  Meaacanthus  pusilhs, 
Cheiracanthus  Murchisoni,  and  C,  latus.  Restored  figures  of  Dipla- 
canthu8  and  Cheiracanthus  are  added.  The  subclass  Ostraoodermi 
and  the  order  Antiarcha  are  admitted,  three  species  of  Pterichthys 
(Millerij  productus,  and  ohlongus)  being  recorded  here.  Of  the 
Dipnoi,  the  sole  representative  is  Dipterus  Valenciennesi,  of  which 
a  new  restoration  is  given.  Thougli  common  in  the  Caithness 
Flags,  this  fish  is  very  rare  in  the  Moray  Firth  area.  The  subclass 
Teleostomi  (Dr.  Traquair  no  longer  speaks  of  Ganoidei)  includes 
Olyptolepis  leptcpterua,  Gyroptychius  microlepidoiua,  Osteolepis  macro- 
lepidotua,  Diplopterm  Agasaiziy  and  Cheirolepts  Trailli,  while  the 
characters  of  all,  except  the  first,  are  shown  in  restored  figures. 
The  **  Order  Placodermata "  is  placed  **  incertsB  sedis "  under  the 
Teleostomi.  Coccosieus  decipiens  and  Homoateus  Milleri  are  recorded 
here,  the  first  a  very  common  fish,  the  second  known  in  the  Moray 
area  only  from  Billhead  quarry,  near  Dalcross. 

The  fishes  of  the  Upper  Old  Red  Sandstone  of  Moray  are  shown 
to  represent  two  distinct  faunas — that  of  Nairn  in  the  west,  that 
of  Elgin  in  the  east.  These  are  treated  separately,  and  a  table  of 
localities  at  the  end  indicates  at  a  glance  the  species  found  in  each. 
The  first  species  mentioned  from  Nairn,  Asterolepia  maonma,  was 
described  by  Dr.  Traquair  in  great  detail  in  the  Palseontographical 
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Society's  volume  for  1894.  The  three  remaining  species  are 
koown  only  by  fragments,  bat  seem  to  be  new  to  the  locality, 
if  not  entirely  new.  Some  detached  scales  (one  figured)  are 
identified  with  Holoptyehius  decoraiuB,  Eichwald,  sp.,  from  Wenden, 
Livonia.  Imperfect  Kbizodont  jaws  are  described  and  figured  as 
Polyploeodw  leptognathus,  sp.  no  v. ;  while  the  anterior  median 
ventral  plate  of  a  large  Coccostean  is  regarded  as  indicating 
a  new  species,  Coccosteus  magnus.  The  species  from  the  Elgin 
district  are  more  numerous  and  more  interesting.  The  curious 
Elasmobranch  armour-plates  described  nearly  two  years  ago  as 
PsammosteuB  Taylori,  are  treated  in  detail,  and  Dr.  Traquair 
iticidentally  gives  the  new  generic  name,  Turiniaf  to  the  Cephalo- 
ptertu  of  Powrie  (preoccupied  1809)  from  the  Lower  Old  Red 
Sandstone  of  Turin  Hill,  Forfar.  There  are  further  valuable  notes 
on  the  Elasmobranch  spine,  Cosmaennthus  Maleolmsonif  which  proves 
to  be  a  paired  spine,  not  bilaterally  symmetrical  as  supposed  by 
Agassiz.  A  restored  outline  of  Bothriolepis  major  is  given,  and 
this  is  described  as  the  largest  known  Asterolepid,  the  total  letigth 
of  the  armour  being  sometimes  probably  not  less  than  a  foot  and 
a  half.  Three  portions  of  armour  from  Rosebrae  Quarry,  near 
Elgin,  are  regarded  as  indicating  another  species,  Bothriolepis 
eristata,  sp.  no  v.,  distinguished  by  an  elevated  crest  on  its  dorsal 
surface.  Phyllolepis  concentricaf  Conchodus  ostreiformis^  and  Holo- 
ptyehius  nobiiissimus  are  merely  recorded ;  but  a  figure  of  Holo- 
ptyehius  Flemingi  (from  Dura  Den,  Fifeshire)  is  added  to  complete 
the  series  of  restorations.  Holoptychius  giganteus  is  believed 
to  claim  many  detached  teeth  besides  the  characteristic  scales. 
Fragments  of  jaws  seem  to  belong  to  Polyplocodus ;  and  a  brief 
reference  to  Olyptopomus  minor  concludes  the  enumeration. 

We  hope  this  is  only  the  forerunner  of  a  more  extensive  work 
on  the  PalsBOzoic  Fishes  of  Scotland,  which  would  summarize  the 
results  of  Dr.  Traquair's  numerous  papers,  and  make  them  more 
readily  accessible  to  non-specialists.  Most  geological  and  biological 
handbooks  still  display  lamentable  ignorance  of  the  subject,  and 
a  general  treatise  like  the  present  would  do  much  towards  en- 
lightenment A.  S.  W. 

XL — MOLLUSQUES    fioOENIQUES    DE    LA    LoIKE-Inf6rIEURB.        By     M. 

CossMANN.     (Bull.  Soc.  Sci.  Nat.  Onest  France,  1895,  Tome  V, 
pp.  159-197,  Plates  v-vii.  Fascicule  1.) 

M  COSSMANN,  who  undoubtedly  ranks  as  the  leading  Tertiary 
,  Malacologist  of  France,  is  preparing  a  Monograph  of  the 
Eocene  Molluscan  fauna  of  Brittany,  the  first  part  of  which  is 
now  before  us.  The  majority  of  the  shells  have  been  obtained 
from  special  excavations  made  at  Bois-Gouet,  in  the  Saffre  Basin, 
under  the  direction  of  M.  Dumas;  others  have  been  collected  at 
Coislin  and  La  Close,  near  Camphon  ;  whilst  the  remainder  come 
from  the  dolomitio  district  of  Arthon.  These  different  localities, 
situated  in  the  department  of  La  Loire-lnferieure,  have  yielded 
a  number  of  new  species  as  well  as  all  those  listed  in  Yasseur's 


276  Reviews — M.  Cossmann — Eocene  Molluaca. 

treatise,  "Kecherches  Geologiques  sur  les  terrains  tertiai'res  de  la 
France  occidentale  "  :  Stratigraphie,  first  part.  Bretagne  ( Annales 
Sciences  G6ologiques,  1881,  vol.  xiii).  Many  of  the  shells  in 
Vasseur's  work  have  hitherto  had  only  a  manuscript  value,  as 
the  intention  of  that  author  to  fully  describe  and  figure  them  in 
a  second  part  was  never  realized,  if  we  exoept  a  few  plates  of  fossils 
which  were  subsequently  issued  without  text.  Although  througli 
courtesj'  the  name  of  Vasseur  is  still  attached  to  these  species, 
now  described  for  the  first  time,  there  is  no  doubt  that  M.  Cossmann 
must  claim  their  real  authorship. 

The  present  work,  judging  from  this  first  part,  promises  to  he 
a  large  and  important  one,  as  all  the  species,  whether  new  or  other- 
wise, are  fully  diagnosed  and  figured.  A  large  number  of  the 
shells,  we  are  told  in  the  preliminary  remarks,  can  be  undoubtedly 
paralleled  with  Paris  Basin  forms;  a  few  being  of  Lower  Eocene 
age,  whereas  the  majority  belong  to  the  upper  portion  of  the  Middle 
Eocene.  The  groups  now  considered  are  :  the  Cephalopoda  and  the 
Pulmonate  and  Opisthobranchiate  Gnsteropods. 

One  of  the  most  interesting  facts  brought  out  with  reference  to 
the  Cephalopoda  is  the  discovery  of  a  second  specimen  of  James 
de  Carle  Sowerby's  Beloptera  anomala;  the  only  known  example 
prior  to  this  was  the  type  specimen  from  the  London  Clay  at 
Highgate,  upon  which  Frederick  Edwards  founded  the  genus 
Belemnosis,  The  principal  distinguishing  character  of  the  genus, 
according  to  Edwards,  was  the  large  aperture  **  which  forms  a  com- 
munication between  the  alveolar  chambers  and  the  sac  in  which 
the  shell  was  lodged."  If  such  an  aperture  were  normal,  it  would 
constitute  a  serious  anomaly  in  the  organization  of  the  Cephalopoda ; 
and  Messrs.  B.  B.  Newton  and  Geo.  F.  Harris  suggested  that  it  was 
due  to  the  imperfection  of  the  Highgate  specimen,  which  bears 
traces  of  having  been  rolled.  The  last- mentioned  authors  showed 
that  the  so-called  ventral  aperture  was  in  reality  only  the  initial 
chamber  of  the  shell  brought  to  light  by  the  removal  of  a  thin 
projecting  part  of  the  rostrum  consequent  on  ill-usage.  It  is 
interesting  to  note  that  the  more  perfect  specimen  discovered  by 
M.  Cossmann,  and  described  in  the  work  imder  review,  fully  bears 
out  the  theoretical  conclusions  of  Messrs.  Newton  and  Harris.  The 
latter,  however,  included  the  species  in  the  genus  Spirulirostra, 
M.  Cossmann  thinks  that  the  points  of  difference  are  of  sufficient 
importance  to  warrant  the  retention  of  Edwards*  generic  name: 
**  les  BelemnosiSy*'  he  remarks,  *'  sont  des  Spirulirostra  sans  rostre, 
et  h  phragmocone  moins  spiral."  Without  analyzing  afresh  the 
interesting  details  brought  ibrward  by  Messrs.  Newton  and  Harris 
respecting  the  generic  position  of  this  shell,  we  are  inclined  to 
accept  their  theory ;  the  question  of  the  length  of  the  rostrum  or 
whether  it  is  obtuse  or  pointed,  not  being,  in  our  view,  a  prime 
generic  factor.  Out  of  fifty-five  shells  reviewed,  the  following 
are  recorded  as  new  species : — Cephalopoda  :  Behaepia  Dufowri, 
Gasteropoda  (Pulmomata)  :  Limmea  Bourdoti,  L.  Oou^tensia,  L. 
adela ;  Btdimus  Dumasi ;  Auricula  namnetica,  A.  simplex,  A.  JBeberti, 
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A,  Monthiersi,  A,  eithardla,  A,  Ludovici,  A,  Douvillei,  A.  Houdasi; 
Searabus  Bonneti ;  Ophicardelus  ainuoaus ;  Marinula  labrosa ;  Sipho^ 
naria  Toumouerit  S,  granicosta,  Gastkropoda  (Opisthobbanohiata)  : 
Aetaau  Octaviit  A.  Dumasi ;  Cremlabium  suturatum ;  Scaphander 
ienuistriatuB ;  Bullinella  bfaehymorpha,  B,  Bideli;  Flicobulla  (subgen. 
nov.)  2>iiiiia«t;  Cylichnella  Bourdoti;  Amphisphyra  aubcylindrica ; 
Bingicula  Morleti. 

m. — Prof.  G.  Vicentini  on  Earthquake- Pulsations. 

(1)  "  Osservazioni  e  Proposte  sullo  studio  dei  Movimenti  Micro- 
fiismici"  :  Atti  della  R.  Acoad.  dei  Fisiocritici  (Siena),  v,  1894. 

(2)  **  Microsistnografo  a  registrazione  continua ;  Cenno  sui  movi- 
menti sismicidei  giorni  14  e  15  Aprile,  1895  " :  Bullettino  della  Soc. 
Veneto-Trentina  di  Scienze  Naturali  (Padova),  vi,  1895,  pp.  5-12. 

(3)  "  Microsismografo  a  registrazione  continua  "  :  BoUettino  della 
Soc.  Sismologica  Italians,  i,  1895,  pp.  66-72. 

(4)  "  Osservazioni  sismiche  "  :  Atti  della  R.  Accad.  dei  Fisiocritici 
(Siena),  v,  1894. 

(5)  "  Movimenti  sisraici  registrati  dal  microsismografo  nella  prima 
meih  del  luglio  1894  "  :  ibid. 

(6)  "  Intomo  ad  alcuni  fatti  risultanti  da  osservazioni  micro- 
sismiche  "  :  Atti  e  Memorie  della  R.  Accad.  di  Scienze,  etc.,  in  Padova, 
xii,  1896,  pp.  89-97. 

In  the  first  three  of  these  papers,  Prof.  Vicentini  describes  the 
instrument  with  which  his  investigations  have  been  made  at  Siena 
and  Padua ;  the  fourth  and  fifth  contain  an  account  of  the  records 
at  Siena  from  February  17  to  July  14,  1894,  and  are  accompanied 
by  copies  of  some  of  the  more  interesting  diagrams ;  the  last  and 
most  valuable  of  the  series  summarizes  the  conclusions  at  which  he 
has  so  far  arrived. 

The  microseismograph  is  a  heavy  pendulum,  about  1^  metres  (or 
a  little  less  than  five  feet)  in  length.  The  centre  of  the  base  of  the 
mass  which  forms  the  bob  of  the  pendulum  in  connected  with  the 
upper  end  of  the  short  arm  of  a  light  vertical  lever,  so  that  every 
movement  of  the  mass  is  magnified  by  the  lower  end  of  the  lever. 
A  further  magnification  is  obtained  by  means  of  two  horizontal  levers 
at  right  angles  to  one  another,  the  shorter  arms  of  which  are  con- 
nected with  the  lowest  point  of  the  vertical  lever.  The  other  ends 
of  the  horizontal  levers  consist  of  sharp  points,  which  rest  lightly  on 
a  strip  of  smoked  paper  driven  underneath  them  by  clockwork. 
When  the  pendulum  is  at  rest,  these  points  trace  straight  lines  upon 
the  paper.  When  it  is  disturbed  in  any  manner,  the  path  of  the 
centre  of  the  heavy  mass  is  determined  by  combining  the  curves 
traced  by  the  two  points. 

The  cost  of  the  paper  on  which  the  records  are  made  being  very 
small,  an  unusually  rapid  movement  can  be  allowed,  and  thus  the 
diagrams  are  to  a  great  extent  free  from  that  confusion  caused  by 
overlapping  which  can  hardly  be  avoided  when  the  more  expensive 
process  of  photographic  registration  is  employed. 

The  character  of  the  diagrams  is  found  to  depend  on  tlie  strength 
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of  the  earthquake  and  on  the  distanoe  of  the  plaoe  of  observation 
from  the  epicentre. 

In  the  case  of  slight  local  earthquakes,  the  first  movements  are 
rapid  vibrations  superposed  on  small  oscillations  of  longer  period. 
When  the  vibrations  cease,  the  oscillations  become  more  marked,  and, 
as  a  rule,  the  mean  position  of  the  pendulum  undergoes  a  continuous 
change,  showing  that  the  ground  receives  a  tilt  which,  after  reaching 
a  maximum  value,  disappears  more  or  less  slowly.  On  May  25th, 
1895,  for  example,  a  slight  earthquake  occurred  at  Rovigo,  which 
lies  about  twenty  miles  south  of  Padua.  Joining  the  mean  points  of 
all  the  oscillations  recorded  by  the  two  pens,  the  components  are 
obtained  of  the  path  along  which  the  pendulum  would  have  moved 
if  it  had  followed  the  tilts  of  the  ground  slowly  and  without 
oscillating.  The  resultant  path  is  found  to  be  nearly  a  straight  line 
running  N.  32°  W.  and  S.  32°  E.  During  the  first  ten  seconds  the 
tilt  of  the  ground  took  place  slowly  ;  in  the  next  twelve  seconds  it 
rapidly  increased  to  a  maximum  of  about  6";  and  then,  during 
the  next  ten  seconds,  it  returned  as  rapidly  towards  its  origiual 
position,  which,  however,  it  only  reached  after  other  small 
oscillations  of  about  twenty  seconds'  duration. 

The  more  distant  the  epicentre,  the  longer  is  the  first  phase  of  the 
movement,  namely,  that  which  consists  of  rapid  vibrations  super- 
posed on  small  oscillations.  As  a  rule,  both  of  these  take  place 
about  a  line  indicating  a  very  slight  tilt  of  the  ground.  If  the 
shock  be  strong  and  the  epicentre  distant,  this  first  phase  may  last 
for  about  a  minute.  The  second  phase  consists  of  large  oscillations 
with  various  maxima,  which  begin  and  end  suddenly.  The  third 
and  last  phase  is  characterized  by  small  irregular  oscillations,  much 
slower  than  the  preceding.  Throughout  both  of  these  phases,  the 
mean  position  of  the  pendulum  continually  changes,  as  if  long,  slow 
waves,  with  a  period  of  at  least  twenty  seconds,  were  at  the  same 
time  propagated  across  the  ground. 

In  the  diagrams  corresponding  to  disastrous  shocks  with  a  very 
distant  epicentre  (such  as,  for  example,  the  Japanese  and  Argentine 
earthquakes  of  1894),  the  different  phases  of  the  movement  are 
separated  from  one  another.  The  first  consists  of  vibi*ations,  of 
abrupt  displacements,  and  small  oscillations  ;  in  the  second  phase, 
the  lines  are  irregular  and  deeply  sinuous,  though  interrupted  by 
sudden  displacements  of  small  amplitude;  while,  in  the  third,  the 
lines  become  regular  and  sinuous,  indicating  a  slow  and  gentle 
rocking  of  the  ground  with  a  period  of  about  thirty  seconds. 

C.  Davison. 

IV.— Fish-remains  from  Phosphatio  Chalk  in  France.  (Sur  les 
Poissons  de  la  Craie  Phoaphatee  des  Environs  de  Peronne.) 
By  F.  Priem.  Bull.  Soc.  Geol.  France  [3],  vol.  xxiv,  pp.  9-23, 
pis.  i,  ii  (1896). 

THE  stratigraphical  distribution  of  fossil  fishes  in  the  Chalk  is 
a  subject  deserving  more  careful  attention  than  it  has  hitherto 
received.     Detailed  descriptions  of  remains  from  definite  horizons 
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are  thus  very  welcome,  and  M.  Priem's  recent  paper  on  teeth  and 
other  fragments  from  the  phosphatic  ohalk  of  Feronne,  Somme 
(zone  of  BelemniteUa  quadrata),  is  an  interesting  contribution  of  this 
kind.  The  author  is  a  pupil  of  Prof.  Gaudry,  and  has  determined 
the  specimens  in  the  Laboratory  for  Palsdoutology  in  the  Jardin  des 
Plantes,  Paris.  The  species  represented  are  Ptychodus  latinaimnSf 
Oxyrhina  Ifantelli,  Lamna  appendicidataf  8capanorhynchu8  (Odoti' 
tatpis)  rhaphiodoHj  S.  ?  (0.)  subulatua,  Gorax  pristodontuBf  and 
a  form  of  Protosphynena,  possibly  P.  ferox.  The  two  illustrative 
plates  are  beautiful  photographs  of  the  actual  fossils. 
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Zoological  Sogibtt  of  London. 

March  17tb,  1896.--Prof.  G.  B.  Howes,  F.Z.S.,  in  the  Chair. 

Mr.  A.  Smith  Woodward,  F.Z.S.,  read  a  paper  on  some  extinct 
fishes  of  the  Teleostean  family  GonorhyuchidsB.  He  described 
a  new  specimen  of  Notogonet^s  obchIus  from  the  Eocene  (Green 
River  Shales)  of  Wyoming,  U.S.A.,  confirming  Cope's  determination 
of  this  fish  as  a  member  of  the  family  Gonorhynchidss.  He  also 
pointed  out  that  the  so-called  Sphenolepis  aquamosseus  and  S,  Cuvierif 
imperfectly  described  by  Agassi z  from  the  Eocene  of  France,  are 
generically  identical  with  Notogoneus.  In  proof  of  this  identification, 
he  gave  an  account  of  new  specimens  in  the  British  Museum.  The 
Gronorhynchidfle  were  thus  shown  to  have  comprised  fresh-water 
fishes  in  the  early  Tertiary  period  both  in  Europe  and  North 
America. 


Geological  Society  of  London. 

L— April  16th,  1896.—Dr.  Henry  Hicks,  F.R.S.,  President, 

in  the  Chair. 

The  President  announced  that  a  portrait  in  sepia  of  Prof.  Bonney, 
executed  by  Mr.  Trevor  Haddon,  had  been  presented  to  the  Society 
by  34  subscribers,  Fellows  of  the  Society. 

The  following  communications  were  read  : — 

1.  "The  Junction-Beds  of  the  Upper  Lias  and  Inferior  Oolite  in 
Northamptonshire. — Part  I.  Physical  and  Chemical."  By  Beeby 
Thompson,  Esq.,  F.G.S.,  F.C.S. 

The  author,  while  combating  the  view  that  a  considerable 
unconfoimity  exists  between  the  Upper  Lias  and  the  Inferior  Oolite 
of  Northamptonshire,  brings  together  much  evidence  to  illustrate 
the  effects  of  slipping,  and  to  show  that  these  effects  may  be  mistaken 
for  those  of  unconformity.  He  also  applies  the  evidence  which  he 
has  collected  to  illustrate  certain  points  in  the  physics  of  valley- 
formation. 

After  giving  details  as  to  the  horizon  of  the  springs  of  the  district, 
the  distribution  of  water  in  the  Inferior  Oolite,  and  the  development 
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of  the  springs,  he  argues  that  every  valley  of  the  district  has  been 
elongated  in  the  direction  which  it  now  has  by  a  stream  originating 
in  a  spring  always  at  its  head ;  and  that  the  development  of  channels 
towards  particular  points  of  discharge  has  been  the  chief  agent  in 
initiating  the  formation  and  guiding  the  direction  of  all  the  minor 
valleys  of  the  river-system  within  the  influence  of  the  same  set  of 
beds.  A  description  of  the  characters  of  the  slopes  follows,  and 
their  significance  is  discussed.  The  structure  of  the  hills  and  valleys 
of  the  district  occupies  the  next  portion  of  the  paper,  and  the 
author  considers  that  corresponding  to  the  deepening  of  a  valley  by 
denudation  there  is  uplifting  of  the  beds  below  it,  and  at  the  same 
time  an  outward  and  upward  thrust  along  the  hillside  which  lifts 
beds  there ;  also,  that  hills  are  reduced  in  height  by  sinking  as  well 
as  by  denudation  of  their  upper  parts.  In  discussing  the  question 
of  unconformity  between  the  Inferior  Oolite  and  Upper  Lias,  the 
rarity  of  exposures  of  true  junctions  is  noted,  the  junctions  which 
have  been  chiefly  examined  by  other  observers  being  obscured  by 
slipping ;  and  reasons  are  given  for  inferring  an  absence  of  uncon- 
formity at  the  horizon,  both  on  account  of  the  character  of  the  true 
junctions  and  from  other  considerations.  The  author,  however, 
gives  reasons  for  believing  that  a  slight  unconformity  occurs  in  the 
tfpper  Lias,  so  that  the  lower  part  of  the  juren^i^-zone  is  absent,  and 
not  its  upper  part  as  has  been  elsewhere  inferred. 

2.  "  Contributions  to  the  Stratigraphy  and  PalsBontology  of  the 
O/o&t^ertna-limestones  of  the  Maltese  Islands."  By  J.  H.  Cooke, 
£sq.,  F.L.S.}  F.G.S. 

A  bibliography  of  the  Gr/ofti^ertna-limestones  is  followed  by  some 
remarks  on  the  physical  features  and  general  distribution  of  the 
strata.  The  limestones  are  divided  into  nine  subdivisions,  lettered 
A  to  I,  the  former  being  uppermost.  Four  seams  of  phosphatic 
nodules  form  the  subdivisions  B,  D,  G,  and  I,  and  local  nodule-bands 
also  occur  in  £.  The  subdivision  G  serves  as  a  line  of  demarcation 
between  the  Langhian  Series  (Miocene)  and  the  Aquitanian 
(Oligocene).  Details  of  the  lithological  and  palaeon  to  logical 
characters  of  the  various  subdivisions  are  given,  and  the  author 
concludes  that  I,  and  the  lower  part  of  H,  were  laid  down  on 
a  sinking  sea-floor,  in  about  300  fathoms  of  water ;  that  the  upper 
part  of  H,  and  G,  F,  E,  D,  composed  to  a  large  extent  of  Globtgeriua 
and  other  pelagic  organisms,  were  probably  deposited  in  about 
1000  fathoms;  while  C,  B,  and  A,  were  probably  laid  down,  like 
I,  and  the  lower  part  of  H,  in  about  300  fathoms  of  water. 

3.  "  On  the  Geology  of  the  Neighbourhood  of  Carmarthen."  By 
Miss  Margaret  C.  Crosfield  and  Miss  Ethel  G.  Skeat.  (Commu- 
nicated by  J.  E.  Marr,  Esq.,  M.A.,  F.R.S.,  SecG.S.) 

The  area  described  lies  approximately  within  a  four-mile  radius  of 
Carmarthen.  The  beds  of  the  district  have  been  subjected  to  com- 
plicated foldings,  amongst  which  an  earlier  set,  giving  rise  to 
a  number  of  small  anticlines  with  north-and-south  axes,  and  a  later 
more  extensive  set,  due  to  the  series  of  earth-movements  which 
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produced  the  great  Condrusian  ridge,  producing  anticlines  and 
Bjndines  having  a  general  east-and-west  trend,  can  be  made  out. 
The  rooks  forming  the  Bubject  of  the  present  paper  occur  in  one 
limb  of  a  complex  anticline  produced  during  the  latter  set  of  move- 
ments. In  this  limb  beds  of  the  following  ages  occur :  Tremadoc 
Slates,  Lower  and  Upper  Arenig,  Llanvim,  Llandeilo,  and  Bala. 
These  beds  are  described  in  detail.  A  regular  succession  of  strata 
from  Tremadoc  Slates  to  Dtcrano(/ra/>/u8-8hales  is  found,  while  the 
Bala  beds  of  Mount  Pleasant  abut  on  Arenig  strata,  and  the  reason 
for  this  irregularity  has  not  yet  been  decided  by  the  authors.  The 
beds  are  compared  with  those  of  other  areas.  The  Tremadoc  Slates 
are  equivalents  of  Stage  3a  of  the  Christiania  district ;  the  Lower 
Arenig  Beds  with  Phyllograptus  angusti/oltus,  and  the  Upper  Arenig 
with  DidymograptuB  nitidus,  etc.,  resemble  those  of  other  British 
areas ;  the  Llanvim  Beds  contain  Didymograptus  bffidus  and  other 
fossils;  the  Didymograptun  Murchisoni-hedB  are  well  known  else- 
where, llie  Llandeilo  Limestone  is  probably  presented  by  sandy 
beds  with  Asaphus  tyrannus  ;  and  the  DtcranograpttM-sheiieB  are  like 
those  of  the  Haverfordwest  region.  The  Bala  Beds  of  Mount 
Pleasant  contain  Stygina  Murchisona  and  other  fossils  found 
elsewhere  in  Bala  rocks. 

A  description  of  new  fossils  forms  the  concluding  portion  of  the 
paper. 

II— April   29th,    1896.— Dr.    Henry  Hicks,  F.K.S.,   President,  in 

the  Chair. 

The  following  communications  were  read  : — 

1.  "Descriptions  of  New  Fossils  from  the  Carboniferous  Lime- 
stone.—  (1)  On  Pemmatites  constipatus,  sp.  no  v.,  a  Lithistid  Sponge. 
(2)  On  Palaacis  humilia,  sp.  nov.,  a  new  Perforate  Coral ;  with 
Remarks  on  the  Qenus.  (3)  On  the  Jaw-apparatus  of  an  Annelid, 
Etinicites  Beidii,  sp.  nov."  By  George  Jennings  Hinde,  Ph.D., 
F.Q.8. 

(1)  The  PemmaiUeSy  belonging  to  a  genus  hitherto  only  known 
from  the  Permo-Carboniferous  beds  of  Spitzbergen,  was  discovered 
in  the  Yoredale  Beds  of  Yorkshire  by  Mr.  J.  Rhodes,  and  is  the 
only  fairly  complete  sponge  which  has  hitherto  been  detected  in  the 
Yoredale  Beds  of  North-west  Yorkshire.  The  author  gives  a  full 
description  of  the  species. 

(2)  The  Palaacis  was  found  by  the  Rev.  G.  C.  H.  Pollen  in  the 
Carboniferous  Limestone  and  Shale  Series,  on  the  banks  of  the 
Hodder,  near  Stonyhurst.  The  speciOc  characters  of  the  form  are 
given  by  the  author,  who  then  remarks  upon  the  genus  Pafteacis, 
which  has  been  placed  alternately  with  the  corals  and  sponges, 
though  latterly  it  has  been  generally  regarded  as  a  perforate  coral. 
Nevertheless,  its  real  characters  had  not  been  definitely  settled  :  the 
uncertainty,  in  the  author's  opinion,  being  due  to  the  fact  that  Boine 
writers  have  placed  in  the  genus  certain  forms  which  differ  widely 
from  the  typical  species,  and  have  then  defined  the  characters  of  the 
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genus  largely  from  these  foreign  forms.  The  author,  in  the  light 
of  the  information  now  supplied,  gives  a  fresh  definition  of  the 
genus,  which  appears  to  represent  a  distinct  family  of  perforate 
corals,  in  some  features  more  nearly  allied  to  the  Favositidaa  than  to 
the  Madreporidse  or  Poritidse. 

(3)  The  third  specimen  was  discovered  by  Miss  Margery  A.  Reid 
in  the  Lower  Carboniferous  Beds  of  Halkin  Mountain,  Flintshire, 
and  is  named  in  honour  of  its  discoverer.  A  description  of  it  is 
given,  and  it  is  stated  that,  notwithstanding  certain  peculiarities, 
the  individual  pieces  correspond  so  closely  with  those  of  the  recent 
Eunice  family  that  it  may  well  be  included  in  the  genus  Euntcitcs. 

2.  **  The  Eocene  Deposita  of  Dorset"  By  Clement  Beid,  Esq., 
F.L.S.,  F.G.S.  (Communicated  by  permission  of  the  Director- 
General  of  H.M.  Geological  Survey.) 

The  new  survey  of  the  western  end  of  the  Hampshire  Basin 
shows  that  the  Beading  Beds  become  fluviatile  and  gravelly  in 
Dorset  (as  was  already  known),  and  contain,  in  addition  to  Chalk 
flints,  many  fragments  of  Greensand  chert.  The  London  Clay  thins 
greatly  and  becomes  more  sandy,  but  is  apparently  still  marine.  The 
Bagshot  Sands  become  coarser  and  more  fluviatile,  changing  rapidly 
west  of  Moreton  Station,  till  they  consist  mainly  of  coarse  subangular 
gravel.  These  gravels,  formerly  referred  to  the  Reading  Series,  are 
now  shown  to  be  continuous  with  the  Bagshot  Sands,  which  as  they 
become  coarser  cut  through  the  London  Clay  and  Reading  Beds  to 
rest  directly  on  the  Chalk.  The  Bagshot  gravels  contain,  besides 
Chalk  flints  and  Greensand  chert,  fragments  of  Purbeck  marble  and 
numerous  PalsBOzoio  grits  and  other  stones  probably  derived  from 
the  Permian  breccias  of  Devon. 

Thus  there  is  evidence  of  disturbance  and  overlap  in  Cretaceous 
or  early  Eocene  times,  causing  Reading  Beds  to  rest  on  Upper 
Greensand.  Later  disturbances  allowed  the  Bagshot  river  to  cut 
into  Greensand,  Wealden,  Purbeck,  Permian  breccia.  Culm  Mea- 
sures, and  granite.  Folding  of  the  strata  seems  to  have  taken 
place  during  at  least  four  different  periods  in  the  district  between 
Dorchester  and  Weymouth,  which  appears  to  have  been  a  region  of 
special  weakness. 

The  Eocene  gi'avels  contain  all  the  foreign  rocks  known  to  occur 
in  the  Plateau -gravels  between  Brighton  and  Dorchester.  The 
fragments  of  Greensand  chert,  so  abundant  in  the  Plateau-gravels, 
have  not  been  derived,  as  supposed,  from  the  central  axis  of  the 
Weald.  They  come,  as  already-formed  pebbles,  from  the  Eocene 
of  Dorset,  and  originally  from  the  Greensand  of  Devon. 

3.  "  Discovery  of  Mammalian  Remains  in  the  Old  River-gravels 
of  the  Derwent  near  Derby." — Part  L  By  H.  H.  Amold-Bemrose, 
Esq.,  M.A.,  F.G.S. 

A  few  mammalian  bones  were  found  in  sinking  a  well  at  Allenton. 
On  April  8th,  1895,  the  authors  commenced  further  excavations, 
and  were  successful  in  finding  the  lower  jaw,  26  vertebras,  the  oe 
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innommatuiny  left  femar,  tibia,  fibula,  oaloaneum,  cuboid,  iv  meta- 
tarsal, right  fibula,  caloaueurn,  cuboid,  iv  metatarsal,  astragalus, 
left  Inuare  and  scaphoid,  and  portions  of  ribs  of  a  Hippopotamus, 
also  part  of  the  breast-bone  of  an  Elephaa,  and  part  of  the  tibia  of 
a  Bhinoceroa.  The  HippopotamuB-honeB  were  well  preserved,  and 
probably  belonged  to  one  animal.  The  body  was  most  likely 
stranded  in  an  old  obannel  of  the  Biver  Derwent,  and  quickly 
oovered  up  with  sand  and  clay,  but  not  before  the  bones  were  some- 
what disturbed.  They  were  found  in  a  dark-coloured  sand  above 
the  river-gravel,  at  a  depth  of  9  feet  8  inches  below  the  surface. 

Mr.  Clement  Reid  found  some  twenty  or  more  species  of  plant- 
remains  in  the  sand.  These  plants  **  indicate  a  moist  meadow  or 
Bwampy  ground,  and  a  temperate  climate.  The  species  are  all 
widely  distributed." 

Part  II.     By  B.  M.  Deeley,  Esq.,  F.G.S. 

The  deposits  in  which  the  bones  were  found  occupy  a  wide  trench 
which  occurs  on  the  inside  edge  of  a  gravel -terrace  stretching  for 
several  miles  south  of  Derby,  at  a  height  of  15  or  20  feet  above 
the  modem  alluvial  plain.     The  gravels  are  of  later  age  than  the 
Great  Chalky  Boulder-clay,  and  were  formed  at  a  time  when  the 
rivers   were    removing   from    their   pre* Glacial   valleys    the   older 
Boulder-clays,  with  which  they  had  been  partially  filled.     Gravels 
of  two  ages   are   recognized  :    (a)    recent  gravels   well   stratified, 
undisturbed,  and  covered  in  many  places  by  a  thick  layer  of  brick- 
earth;  and   (b)  high-level   gravels  showing  **  trail"  and  contorted 
bedding.     It  is  in  these  latter  gravels  that  the  trench  containing 
the  mammalian  remains  occurs.     The  deposits  occupying  this  old 
waterway  and  the  contorted  high-level  gravels  are  placed  together 
in  the  same  period ;  and  the  author  gives  reasons  for  supposing  that 
they  are   both   of  Interglacial   age.   the   contortions   and    surface- 
disturbances   having  been  produced  during  a  recent  cold  period, 
most  probably  by  a  lobe  of  ice  which  passed  down  the  Trent  Valley. 
Several  peculiar  physical  features  of  the  valleys,  such  as  the  flowing 
surface-outlines  of  the  higher  gravel-terraces,  and  the  occurrence  of 
lacustrine  deposits  in  the  low-level  area  occupied  by  Sinfin  Moor, 
are  instanced  as  supporting  this  view. 

III.— May  13th.  1896.— Dr.  Henry  Hicks,  F.B.S.,  President,  in 
the  Chair.     The  following  communications  were  read  : — 

1.  "  An  Account  of  a  Head  or  Gateway  driven  into  the  Eastern 
Boundary-fault  of  the  South  Staff'ordshire  Coal-field."  By  William 
Famworth,  Esq.,  F.G.S. 

The  author  describes  certain  peculiarities  observed  during  the 
driving  of  a  head  towards  the  fault  separating  the  Coal-measures 
and  Permian  rocks,  from  a  pit  situated  four  miles  east  of  Walsall, 
at  the  southern  extremity  of  the  Cannock  Cliase  Coal-field. 

2.  "Dundry  Hill:  its  Upper  Portion,  or  the  Beds  marked  as 
Inferior  Oolite  (G  5)  in  the  Maps  of  the  Geological  Survey."  By 
8.  S.  Backman,  Esq.,  F.G.S.,  and  E.  Wilson,  Esq.,  F.G.S. 
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l^e  authors  give  an  account  of  previous  geological  work  relating 
to  Uuudry  Hill,  especially  that  which  refers  to  the  correlation  of  its 
•trnta.  Then  they  describe  the  different  exposures  on  the  Hill, 
ti^ther  with  the  results  of  various  excavations  carried  out  by 
quarrymen  under  their  superintendence  for  the  purpose  of  the 
present  communication.  Besides  demonstrating  the  sequence  of 
the  strata  of  Dundry  Hill,  the  authors  are  able  to  show  as  special 
retiultB — 

The  rapid  easterly  attenuation  of  the  Freestone. 

That  there  is  a  non-sequence  in  the  Dundry  deposits. 

That  the  chief  fossiliferous   bed — the   Ironshot  Oolite — extends 

over  a  very  small  area. 
That  the  absence  of  this  bed  is  due  to  removal  by  almost  contem- 
poraneous denudation. 
Thiit  in  the  easternmost  portion  of  the  Hill  this  bed  and  all  the 
other  beds  of  what  is  called  Inferior  Oolite  have  been  removed 
by  this  denudation,  so  that  only  a  thin  cap  of  what  would  be 
called  "  upper  beds  of  Inferior  Oolite  "  rests  on  a  thick  clay-bed 
of  the  age  of  the  Midford  Sands. 
That   deposits  contemporaneous  with  what  are  called  "Upper 
Lias  "  and  ''  Midford  Sands  **  in  other  places  are  found  in  some 
thickness  at  Dundry  Hill,  attaining  as  much  as  65  feet. 
That  the  Lias  Marlstone-rock   is  present  at  Dundry  Hill   and 
outcrops  in  many  places  on  its  flanks,  but  that  this  rock-bed  is 
also  wanting  from  many  parts  of  the  Hill. 
That   the    Geological    Survey    have    presumably   mistaken    this 
Marlstone-rock   (which  is  an  Ironshot  stone)  for  the  Ironshot 
Oolite — the    chief   fossiliferous   bed   of    the   Dundry    Inferior 
Oolite,    and    formerly    called    Humphriesianum  -  zone  —  beds 
nearly  100  feet  apart. 
That,  as  a  consequence,  the  map  of  the  Geological  Survey  shows 
round  the  greater  portion  of  the  Hill  the  boundary-line  of  the 
base  of  the  Inferior  Oolite  drawn  as  much  below  the  Marlstone 
as  would  be  correct  if  this  rock  had  actually  been  the  well- 
known  Ironshot  Oolite. 
That,  as  a  further  consequence  of  this,  the  map  of  the  Geological 
Survey  shows  coloured  as  Inferior  Oolite,  strata  which  would  be 
mapped  as  Lower  Lias,  Middle  Lias,  Upper  Lias,  and  Midford 
Sands   in   other   localities,  and    that  in   places   the   limit  for 
Inferior  Oolite,  according  to  the  Survey,  is  as  much  as  600  yards 
beyond  that  of  the  authors. 
The  authors  append  a  map  of  the  strata  of  Dundry  Hill,  coloured 
on  a  palseontological  basis,  and  they  show  how  it  may  be  compared 
with  the  map  of  the  Survey  and  with  a  map  by  Saunders. 

3.  "  On  the  Geographical  Evolution  of  Jamaica."  By  J.  W. 
Spencer,  M.A.,  Ph.D.,  F.G.S. 

The  object  of  the  paper  is  to  set  forth  the  physical  and  geological 
characteristics  of  Jamaica  which  bear  upon  the  problem  uf  its  late 
high  elevation  and  former  connection  with  the  continent,  and  to 
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trace  across  the  neighbouring  seas  and  islands  to  the  mainland  the 
evidences  of  the  former  linking  of  Jamaica  to  North  and  South 
•  America.  The  first  part  of  the  paper  treats  of  the  growth  of  the 
island,  and  the  following  events  are  described.  After  the  formation 
of  the  mechanical  sediments,  limestones,  and  igneous  rocks  which 
oonstitnte  the  basement  of  the  "  White  Limestones,'*  the  latter 
group  was  accumulated  in  later  Eocene  and  early  Miocene  times  to 
a  thickness  of  2000  feet,  and  they  indicate  a  subsidence  of  3000  feet 
below  sea-level.  Their  formation  was  followed  by  a  Pliocene  or 
Mio-Pliocene  elevation  in  an  epoch  of  long  duration  ;  the  uplift  was 
inferior  to  a  later  (post- Lay  ton)  one,  but  sufficient  for  the  removal 
of  Miocene  limestone  below  sea-level.  The  period  was  one  of 
general  elevation,  general  dislocation  of  strata,  and  great  erosion. 
The  formation  of  the  Layton  marly  beds  with  loams  and  gravels 
which  succeeded  this  period  is  referred  to  the  end  of  Pliocene  times. 
In  early  Pleistocene  times  the  "  post-Layton "  elevation  occurred, 
causing  an  uplift  of  from  7000  to  11,000  feet  above  sea-level.  The 
strata  were  not  greatly  deformed,  but  the  epoch  was  one  of  enormous 
erosion.  A  subsidence  somewhat  resembling  that  of  the  Layton 
formation  followed  this  erosion  in  late  Pleistocene  times,  and  cauHcd 
the  accumulation  of  the  loams  and  gravels  of  the  Liguanea  forma- 
tion. In  modern  times  minor  changes  have  occurred,  causing  the 
formation  of  terraces,  of  channels  over  banks,  of  coralline  limestone, 
and  of  the  modern  coral  terraces. 

The  second  part  of  the  paper  treats  of  the  continental  connections 
of  Jamaica.  The  author  gives  details  of  the  submerged  plateaux 
and  drowned  valleys  which  are  analogous  to  those  still  existing 
al)ove  sea-level.  They  indicate  that  the  former  altitude  of  the 
West  Indian  plateau  and  some  portions  of  the  adjoining  continent 
reached  two  and  a  half  miles.  But  the  floors  of  the  Mexican  Gulf 
and  Honduras  and  Caribbean  Sea  formed  low  plains  draining  into 
the  Pacific  Ocean,  for  at  the  time  the  eastern  region  was  high  the 
Mexican  area  was  generally  low. 

There  was  a  generally  high  elevation  of  the  Antillean  region  during 
the  great  Mio-Pliocene  period,  with  probable  continental  connection  ; 
at  the  close  of  the  Pliocene  period  a  general  subsidence  flooded  the 
coastal  plains  of  the  continent,  and  reduced  the  West  Indies  to 
fewer  and  much  smaller  islands  than  those  which  now  exist.  But 
the  earlier  portion  of  the  Pleistocene  period  was  that  of  the  great 
continental  elevation,  when  the  lately-formed  Pliocene  topography 
was  deeply  dissected  by  rain  and  rivers,  yet  there  were  apparently 
several  pauses  of  terrestrial  movements  at  diff'erent  altitudes,  as 
indicated  by  the  various  base -levels  of  erosion.  At  this  time 
Jamaica  and  other  islands  formed  a  mountainous  tableland  bordering 
the  Mexican  and  Caribbean  plains.  Afterwards  the  later  Pliocene 
continent  was  depressed  so  as  to  flood  most  of  the  coastal  plains  of 
the  continent  and  reduce  the  islands  to  small  proportions,  and  since 
then  the  minor  oscillations  have  brought  the  old  continent  to  the 
present  conditions.  Whilst  the  east  was  going  down,  the  Mexican 
region  and  western  lands  were  being  raised  to  form  high  tablelands. 
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GEOLOGICAL  SURVEY  OP  CAPE  COLONY. 

Sib, — In  accordance  with  a  resulution  of  the  House  of  Assemhly, 
carried  last  year,  a  Commission  has  been  appointed  in  terms  of  the 
accompanying  Notice,  "  for  the  purpose  of  organizing,  controlling, 
and  directing  the  work  of  Geological  Exploration  and  Survey  in  this 
Colony." 

The  Commission  has  now  appointed  the  undermentioned  gentlemen 
to  begin  the  work  of  surveying  and  mapping  the  country  : — 

Geologist :    G.  S.  Corstorphine,  B.Sc.  (Edin.).  Ph.D.  (Munich). 
Assistant  Geologist:    A.  W.  Rogers,  B.A.  (Cantab). 
„  „  E.  H.  L.  Schwarz,  A.R.C.S. 

As  early  as  possible  the  Commission  will  publish  and  distribute 
a  bibliography  of  South  African  Geology. 

C.  L.  Lloyd, 
Acting  Secretary  to  Geological  Commission. 

Geological  Department,  South  African  Museum, 
Cape  Town,  Cape  of  Good  Hope. 
February  y  1896. 


DISCOVERY    OF    INTERGLACIAL    SHELL-BEDS    IN  AYRSHIRE. 

Sir,— I  beg  to  intimate  that  I  have  discovered  Interglacial  Shell- 
Beds  at  fourteen  localities  in  Ayrshire,  ranging  from  55  to  740  feet 
above  sea-level. 

The  Interglacial  Beds  attain  a  thickness  at  parts  of  over  100  feeti 
the  usual  arrangement  being : 

Upper  Boulder-clay  {ground  moraine)  with  well- 
striated  blocks  up  to  8  feet  in  diameter         ...        76  feet 
Sand  Bed  ...  ...         ...         ...         ...         ...  a  few   ,, 

SUBLLY    PkBBLY   ClAY 14:     „ 

Sharp  sand,  gravel,  and  muddy  sand     ...  over  100   „ 

Lower  Boulder-clay  with  large  well-striated  blocks    30   „ 

This  is  taking  the  beds  at  their  thickest,  but  not  seen  in  any  one 
section. 

The  shells  are  all  in  pebbly  clay,  which  I  take  to  indicate  that  this 
bed  was  deposited  in  deep  water  by  surface- currents  carrying  clay, 
and  shore-ice  carrying  stones  and  gravel.  I  say  shore-ice  advisedly, 
as  only  B.feto  of  the  stones  in  this  bed  reach  a  diameter  of  20  inches. 
(Had  this  bed  been  deposited  by  bottom  currents,  the  clay  ought  to 
have  been  swept  away.)  In  some  of  the  sections  the  shells  are 
abundant,  but  mostly  as  sharp-edged  fragments.  Where  there  is 
a  sand-bed  between  the  shell-bed  and  the  Upper  Boulder-clay,  the 
shells  are  in  the  best  state  of  preservation,  the  sand-bed  having 
acted  as  a  cushion  against  the  trail  of  the  Upper  Boulder-clay 
(ground  moraine).  Where  there  is  no  sand-bed  in  this  position, 
the  shells  are  more  fragmentary  and  sometimes  scratched. 
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I  have  traced  the  Interglaoials,  as  ^^vel,  sand,  and  muddy  sand- 
beds,  in  the  Bowbrone,  Garpel»  and  Guelt  valleys,  to  an  altitude  of 
900  feet  above  sea-level.  The  shell-beds  occur  in  the  parishes 
of  Loudoun,  Som,  Auohenleck,  and  Colmonell.  The  Interglaoials 
range  from  Dairy  to  Colmonell,  and  inland  to  Muirkirk. 

John  Smith. 

JfOKUtBDDIKO,  ElLWINNINO. 

April  29M,  1896. 


AMMONITES  {ACANTHOCJEHAS)   MAMMILLATUM   IX    THE 

ISLE    OF   WIGHT. 

Sib, — In  the  Geological  Magazine  for  May,  1896,  p.  199 
(footnote  2),  Mr.  R.  B.  Newton  calls  attention  to  Ammonites  mam- 
millatum  having  been  recorded  from  the  Chloritio  Marl  in  the 
Greological  Survey  Memoir  on  the  Isle  of  Wight,  second  edition, 
p.  279,  and  suggests  that  there  is  a  mistake.  In  this  I  think  he 
is  probably  right  The  table  in  the  Memoir  was  drawn  up  in  such 
a  way  as  to  show  the  authority  for  every  fossil.  A.  mammUlatnm 
was  inserted  on  the  authority  of  Captain  Ibbetson  ("Note  on  the 
Geology  and  Chemical  Composition  of  the  various  Strata  in  the  Isle 
of  Wight,"  1849,  p.  22),  who  quotes  A.  monile  from  the  Chloritio 
Marl.  A.  monile^  Sow.,  according  to  D'Orbigny  (Pal.  Fran^.  Terr. 
Cret.  1840-1,  p.  249),  Bronn  (Index  Pal.  1848.  p.  61),  and 
Morris  (Cat.  Brit.  Foss.  1854,  p.  297),  is  A,  mammtllatum,  Schloth. 
The  mistake  probably  lay  in  the  determination  of  Ibbetson's  speci- 
men as  A,  monile,  .    (;, 

-rrr  "••  oTRAIIAN. 

12,  Marloes  Road,  Kensington,  W. 


ICE-WORK. 

Sir, — The  author  of  the  excellent  summary  of  my  book  on  Ice- 
Work  (see  Gbol.  Mag.  for  last  month,  pp.  228-231)  seems  to  have 
misunderstood  me  in  one  respect.  In  regard  to  the  parallel  roads 
of  Glenroy,  he  states — *'  the  objections  to  a  marine  origin  for  these 
'roads'  are  regarded  as  insuperable."  I  think  that  a  comparison  of 
pages  94-107  with  pages  163-198,  will  show  that  this  is  not  my 
opinion.  Indeed.  I  have  more  than  once  maintained  the  contrary. 
I  venture  on  this  correction  lest  I  should  be  supposed  to  have 
changed  my  mind. 

23,  Dbnnixg  Road,  Hampstead,  X.W.  T.  G.  Bonney. 

Mai/  16M,   1896. 


DSJiisoEijXjj^isrEOTrs. 


Guide  to  thb  Museum  of  Pkactical  Geology. — The  **  Descrip- 
tive Guide  "  to  this  Museum,  of  which  a  fourth  edition  was  published 
in  1877,  has  long  been  out  of  print,  and  a  new  edition  has  been 
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urgently  needed.  This  has  now  been  supplied  by  the  Curator,  Mr. 
F.  W.  Hudler ;  but  the  original  form  has  been  somewhat  modified, 
the  work  is  now  "  A  Handbook,"  it  has  been  revised  throughout,  and 
in  large  part  rewritten,  and  the  type  is  larger.  It  deals  with  the 
history  of  the  Museum,  and  gives  a  particular  account  of  the  Building 
and  Ornamental  Stones,  Slates,  Grindstones,  Cements,  and  Minerals, 
with  general  references  to  the  Pottery,  Fossils,  etc.  Regarded 
as  a  handbook  of  economic  geology,  it  will  prove  exceedingly 
useful  for  reference  in  the  study  as  well  as  in  the  Museum.  The 
price  is  Qd. 

Geology  in  the  Transvaal,  South  Afrioa. — Dr.  Molengraaff, 
of  Amsterdam,  has  been  appointed  State  Geologist  by  the 
Transvaal    Government. 

Geological  Survey  of  Great  Britain, — The  Annual  Report 
of  the  Director-General  of  the  Geological  Survey  for  1895  was 
issued  early  in  April,  and  as  it  contains  a  full  record  of  the 
progress  of  the  Survey  in  various  parts  of  England,  Wales,  the 
Isle  of  Man,  Scotland,  and  Ireland,  the  subject-matter  will  interest 
all  geologists. 

Spitzbergen. — Sir  W.  Martin  Conway  is  about  to  start  for  Spitz- 
bergen,  accompanied  by  Mr.  Trevor  Battye,  Dr.  J.  W.  Gregory, 
F.G  S.,  of  the  British  Museum,  Mr.  E.  J.  Garwood,  F.G.S.,  and 
several  other  gentlemen,  to  make  a  geographical  and  geological 
exploration  of  that  island  during  the  summer  months.  Dr.  Gregory 
will  undertake  the  geological  work,  and  Sir  Martin  Conway  the 
geographical  part  of  the  expedition,  which  has  received  the  support 
of  both  the  Koyal  Society  and  the  Boyal  Geographical  Society ;  and 
there  is  every  prospect  of  good  results  in  valuable  observations 
and  specimens,  to  be  brought  home  in  October.  Although  Spitz- 
bergen possesses  a  remarkably  rich  fossil  fauna  and  flora,  representing 
Miocene  or  Eocene,  Cretaceous,  Jurassic,  Triassio,  Carboniferous, 
and  Devonian  formations,  none  of  the  fossils  have  as  yet  found 
their  way  to  this  country ;  but  several  Continental  museums  have 
been  enriched  by  cu;quisitions  from  this  high  northern  land. 

Guides  to  the  Fossil  Mammals  and  Birds  and  to  the  Fossil 
Reptiles  and  Fishes  in  the  Department  of  Geology  and  Palceon- 
tology  in  the  British  Museum. — The  seventh  edition  of  these  popular 
guides  has  just  been  issued  (price  sixpence  each).  They  have 
been  carefully  revised  and  corrected,  and  the  part  relating  to  th« 
Fossil  Fishes  has  been  entirely  rewritten  by  Mr.  Arthur  Smit 
Woodward,  F.G.S. 

The  Guide  to  the  Fossil  Jnvertebrata  and  Plants,  Kra,  i 
now  in  the  press,  and  will  shortly  be  issued. 

A  Catalogue  of  the  Jurassic  Bryozoa  in  the  British  Museu 
by  Dr.  J.  W.  Gregory,  F.G.S.,  has  just  been  printed  by  order 
the  Trustees,  and  will  appear  in  the  next  few  weeks. 
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I— A  NOTB  ON  THK  GkOLOGY  OF  SoMALT-LAND,  BASED  ON  COL- 
LECTIONS MADE  BT  Mrs.  E.  Lobt-Phillips,  Miss  Edith  Cole, 
AND  Mb.  6.  P.  V.  Aylmbb. 

By  J.  W.  Gregory,  D.Sc,  F.G.S. 

SINCE  the  famous  expedition*  of  the  late  F.  L.  and  W.  James, 
of  E.  Lort  -  Phillips  and  G.  P.  V.  Aylmer,  in  1884-5, 
opened  the  Somali  plateau  to  European  exploration,  the  country  has 
been  repeatedly  traversed.  A  valuable  series  of  geographical 
memoirs,  hunting  journals,  and  bluebooks  has  described  the  main 
features  in  the  topography  of  the  country,  and  given  many  suggestions 
as  to  its  geological  structure.  The  collections  of  Dr.  Kevoil*  and 
Prof.  Keller*  have  proved  that  Neocomian  beds  occur  there,  and 
thus  have  shown  that  it  is  of  greater  interest  than  most  of  the 
monotonous  un fossil iferous  wastes  of  East  Africa. 

In  the  winter  of  1894r-5  Messrs.  E.  Lort-Phillips  and  G.  P.  V. 
Aylmer,  two  members  of  the  James'  expedition,  returned  to  the 
country,  accompanied  by  Mrs.  Lort-Phillips  and  Miss  Edith  Cole. 
Their  expedition  made  some  very  important  botanical  and  zoological 
collections,  which  have  been  already  described.*  Shortly  after  their 
return  Mrs.  Lort-Phillips  kindly  entrusted  me  with  the  examination 
of  the  geological  collection  which  she  had  made.  Subsequently 
Miss  Edith  Cole  and  Mr.  Aylmer  were  also  so  kind  as  to  lend  me 
their  collections.  These  together*  enable  an  outline  geological 
section  to  be  drawn  from  the  coast  at  Berbera  on  the  main  Somali 
plateau ;  while,  moreover,  by  the  proof  of  the  occurrence  of  marine 
Jurassic  rocks  in  this  country,  they  make  an  important  addition  to 
our  knowledge  of  the  geological  history  of  Somali-land. 

llie  specimens  all  came  either  from  the  district  of  Guban,  the 
tract  of  country  between  Berbera  and  the  foot  of  the  inland  plateau, 

»  F.  L.  James,  "  The  Unknown  Horn  of  Africa,"  1888. 

•  Described  by  T.  de  Rochebnine  in  Geo.  R^voil,  **  Fauno  et  Acre  des  pays 
Qomalis,"  p.  39,  pb.  i-iv.     Paris,  1882. 

^  Described  by  C.  Mayer-Evmar.  **  Ueber  Neocomian :  Versteinerungen  aun  dem 
Somali-land*':  Vierteljahrscnrift  Naturfors.  Gesells.  Ziirich,  Jahrg.  xxxviii,  1893, 
pp.  '249-65,  pis.  i,  ii. 

*  **  Diagnoses  Africame,"  pt.  rii :  Bull.  Misc.  Inform.  Kew,  Xo.  105,  1895, 
pp.  211-30.     E.  Lort-Phillips,  ibid.,  1895,  pp.  211-30. 
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or  from  the  Qolis  Kange»  on  the  northern  edge  of  the  plateau. 
The  general  physical  geology  of  the  country  has  been  well  described 
by  Captain  Swayne.^ 

II.  List  of  the  Golleotions. 

Mrs.  Lort-PhilHps*  collection  consists  of  a  series  of  rocks  and 
fossils,  of  which  the  following  is  the  list : — 

FoflSILS.* 

Belemnitea  9ubh(utatu9^  Ziei/STL  


Locality. 

Bihin,  in  riyer-bed,  16  nules 

from  Berbera. 
Do. 
Do. 
Do. 

Fara-Daro. 
Duba. 


Daba,    eight 
Berbera. 


miles    from 


Loc  P  No  doubt  from  sum- 

mit  of  plateau. 
Daar-Ass,     Golis     Bange. 

Alt.  6000  ft. 


From  summit  of  plateau; 
weatbered  out  of  sands. 


Parallelodon  Egertonianu»^  Stoliczka  

Rhynchonella  Edwardti^  Chapuis  and  Dewalque    ... 

Rhynehonella  tubtetrahedra^  Davidson         

Coral  (gen.  et  sp.  indet )       

Cri/ptoeaenia  Lort-FMlliptiay  n.sp 

Rocks. 

1.  Sedimentary. 
Compact,  hard,  hgbt-grey  limestone  

Quartzose,  coarse-grained,  red  hsBmatite,  passing 
into  a  loose,  coarse  grit,  stained  by  hiematite. 

Purple,  roughly-bedded,  quartzose  grit      

Hard  nodules  of  brown  hematite ;  sometimes  show 
crystalline  form ;  they  generally  show  structure, 
and  are  apparently  concretionary  in  origin 

Chert;    sometimes  chalcedonic,   sometimes    trans- 
parent, and  at  others  opaque,  milky- white     ... 
Jasper  concretions      

2.  Igneous. 

Coarse,  Quartzo-orthoclase  pegmatite  

Thin-beaded,    very    quartzose    muscovite  -  biotite 

si  Ux^XOTj  •••  ■••  •••  •••  •«  ••• 

Pebble:)  of  hornblendic  gneiss,  with  numerous  veins 
and  crystals  of  epidote.' 

Miss  Edith  Cole's  collection  contains  similar  rocks,  including 
pegmatite,  chalcedonic  chert,  hsBmatite  nodules,  calcareous  tufa, 
wind-polished  limestone  from  Bihin,  and  some  fragments  of  roughly- 
chipped  chert  flakes. 

Mr.  Aylmer's  specimens  contain  much  the  same,  with  several 
interesting  additions.  There  is  a  large  specimen  of  very  coarse 
pegmatite  from  the  face  of  the  Golis,  which  contains  large  flesh- 
coloured  crystals  of  orthoolase,  broad  tabular  crystals  of  muscovite, 
aggregates  of  red  garnets,  and  some  long  acicular  crystals  of  apatite. 

»  If.  G.  C.  Swayne,  *'  Seventeen  Trins  through  Somali-land,"  1896,  pp.  361-7. 

^  The  Belemnite,  the  LamellibrancD,  and  the  two  Brachiopods  have  been 
determined  respectively  by  Messrs.  G.  C.  Crick,  R.  B.  Newton,  and  F.  A.  Bather. 
Notes  by  Mr.  Newton  and  Mr.  Crick  are  published  herewith,  and  a  selection  of  the 
specimens  has  b(;en  presented  by  Mrs.  Lort-Phillips  to  the  Geological  Department  of 
the  British  Museum  (Natural  History). 

*  To  determine  the  character  of  the  mineral  in  this  rock,  as  it  throws  light  on  the 
nature  of  some  rocks  collected  by  Dr.  DonaldsoD  Smith  much  further  to  the  south, 
Mr.  I  J.  J.  8i)encer  has  kindly  measured  one  of  the  crystals,  and  has  determined  them 
as  epidote. 


Summit  of  plateau. 
Do. 


Golis  Range. 
Do. 


Dr.  •/.  W.  Gregory — Oeology  of  Somali-land.  291 

He  has  also  brought  back  some  large  mica  crystals,  which  are 
safficiently  large  and  clear  to  suggest  that  a  supply  may  be  obtained 
of  economic  value. 

His  last  addition  to  the  series  is  a  lump  of  an  intensely  altered 
homblendio  gneiss  from  the  summit  of  Wein  Deimoleh  (or  Deymule). 
This  is  of  interest  as  proving  that  outcrops  of  the  Archean  series 
occur  in  the  Maritime  Mountains. 

III.  Desobiption  of  a  new  species  of  coral. 

Cryptoaxnia  Lort-Fhilltpsiif  n.sp. 

Diagnosis. — Corallum  massive,  hemispherical. 
Calices  circular,  deep. 

Septa  hexameral ;  of  two  orders.     The  primary  septa  are  thin, 
and  in  length  are  equal  to  a  third  the  width  of  the  caliz. 
Secondary  little  more  than  rudimentary. 
Co8Ub  conspicuous.     The  confluence  of  the  costee  of  dififerent 

calices  is  well  marked. 
Intercalieinal  areas  very  narrow. 
Dimensions. — Diameter  of  calices,  2  mm. ;   distance  of  calicinal 
centres,  3  mm. ;  number  of  septa,  6  large  and  6  rudimentary ;  length 
of  primary  septa,  f  mm. ;  height  of  corallum,  45  mm. ;  diameter  of 
corallum,  55  mm. 

Distribution. — Limestone  of  Maritime  Mountains  at  Duba, 
8  miles  south  of  Berbera,  Somali-land. — Presented  to  the  Geological 
Department  by  Mrs.  E.  Lort- Phillips. 

Affinities. — This  species  belongs  to  the  group  of  Gnjptocaenia,  in 
which  the  septa  are  hexameral.  Of  known  species  it  is  most  allied 
to  Cryptoccsnia  Neocomiensis  (E.  de  F.).^  From  this,  however,  it 
clearly  differs  by  having  only  two  orders  of  septa,  and  by  having 
thinner  intercalieinal  areas.  Of  Jurassic  Hexacryptocoenm,  it  is 
nearest  to  Cryptoccenia  Thiessingi,  Koby,'  from  the  Swiss  Sequanian ; 
but  from  this  it  differs  owing  to  the  greater  amount  of  coenenchyma 
and  greater  size  of  the  secondary  septa  in  the  Swiss  species. 

There  is  some  doubt  as  to  the  age  of  the  Duba  limestone.  From 
stratigraphical  considerations  one  would  be  inclined  to  regard  it  as 
part  of  the  same  series  as  the  limestones  at  Bihin.  But  it  tf^ay  be 
Neocomian.  The  single  fossil  found  does  not  afford  ground  for  an 
opinion,  though  it  resembles  the  Lower  Cretaceous  and  Upper 
Jurassic  Cryptoccenia  rather  than  the  Bathonian  species. 

It  is  to  be  hoped  that  the  next  traveller  along  the  road  to  the 
Sheikh  Pass  will  endeavour  to  collect  more  fossils  from  the  Duba 
limestone. 

IV.   Section  across  the  Guban  and  the  Golis. 

After  having  thus  enumerated  the  specimens  contained  in  the 
collection,  we  may  proceed  to  consider  what  light  they  show  on 

^  Cyathaphara  Neocatniensia^  E.  de  Froraentel,  **  Description  des  polypiers  fossilea 
de  r£'ta^  ndocoraien,'*  p.  41,  pi.  v,  tigs    11,  12.     Paris.  1857. 

*  F.  Eoby,  **Monographie  des  Polvpiers  Jurassiques  de  la  Suisse,*'  pt.  2,  p,  86, 
pL  xxix,  fig.  2 :  M6m.  Soc.  pal.  Suisse,  vol.  viii,  1882  (1881). 
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the  general  geological  structure  of  the  conntry.  The  accompanying 
section  shows  the  topographical  features,  according  to  Capt  Swajne's 
map  and  some  notes  given  me  by  Mr.  Aylmer. 

South  of  Berbera  there  is  a  low  plain  composed  of  reoent  marine 
deposits,  mostly  covered  by  blown  sand  and  soil.  Eight  miles 
inland  is  the  first  of  a  series  of  east  and  west  ridges  which  form 
the  "  Maritime  Mountains.*'  These  extend  for  about  twelve  miles. 
Then  follows  the  ''Inland  Plain/*  which  is  a  continuation  of  the 
coast  plain  :  it  ends  abruptly  at  the  height  of  1800  feet,  at  the  foot 
of  the  north  scarp  of  the  Somali  plateau.  A  steep  track  leads  up 
the  face  of  this  scarp  to  the  Sheikh  Pass,  at  the  height  of  4000  feet, 
which  leads  on  to  the  plateau.  East  and  west  of  the  pass  the  north 
edge  of  the  plateau  is  much  higher,  rising  at  one  point  to  6819  feet 
As  a  rule  this  northern  edge  is  from  5000-6500  feet  in  height, 
while  a  terrace  a  mile  or  two  in  breadth,  known  as  Mirsa,  runs 
along  its  northern  face  at  the  height  of  about  4000  feet.  The 
northern  edge  of  the  plateau  is  jagged,  and,  seen  from  the  north, 
looks  like  a  mountain  range,  and  is  therefore  known  as  the  Gk)lis 
Range.  The  whole  of  the  low  country  to  the  north,  consisting  of 
the  Maritime  Plain,  Maritime  Mountains,  and  Inland  Plain,  is 
known  to  the  Somalis  as  the  *'  Guban."  To  the  south  of  the  Golis 
the  plateau  descends  gradually  across  the  Hand  to  the  valley  of 
the  Webi  Shebeyli.  These  topographical  features  may  easily  be 
explained  by  the  collections  described. 

Ouh-an  ^^ 

CoUi 
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^  [Bihin. 

/////    Cherts  and  Limestones  of  the  Golis. 

%\%   Red  and  Purple  Sandstones.  ||||||||   Archean  Rocks. 

(The  dotted  line  from  Mirsa  to  the  Hand  is  the  level  of  the  Sheikh  Pass.) 

Section  across  Northern  Somali-land. 

The  Maritime  and  Inland  Plains  are  both  occupied  by  alluvium, 
marine  and  subaerial.  Through  these  rise  three  ridges.  The  first 
two  are  formed  of  limestone.  That  at  Bihin  is  unquestionably 
Lower  Oolitic,  and  no  doubt  Bathonian.  That  at  Duba  may  be 
a  part  of  the  same  limestone,  or  a  later  one,  possibly  Neocomian 
in  age. 

The  highest  and  furthest  inland  of  the  three  ridges  consists  of 
Archean  gneisses,  and  is  an  outlier  from  the  main  Somali  plateau. 
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Whether  it  has  been  separated  by  denudation  or  earth- movements, 
there  is  not  at  present  sufficient  evidence  to  show. 

The  Somali  plateau  itself  consists  in  the  main  of  a  mass  of  gneiss 
and  rooks  of  the  Archean  series.  As  usual,  this  gives  rise  to  the 
sandy  scrub -covered  plains,  with  many  mimosa  and  Sanseviera. 
The  Archean  series  is  penetrated  by  pegmatite  dykes  of  the  same 
type,  but  coarser  in  grain  than  those  of  British  East  Africa.  It  is 
capped  by  rocks  of  two  series — (1)  red  and  purple  unfossiliferous 
sandstones,  often  passing  into  impure  haamatite ;  (2)  some  limestones 
associated  with  beds  of  chert,  probably  of  Neocomian  age.  These 
form  the  cap  of  the  plateau  and  the  summits  of  the  Golis  Range. 
Tlie  ledge  of  Mirsa  and  the  summit  of  the  Sheikh  Pass  are  both 
on  the  upper  surface  of  the  Archean  series  (4000  feet). 

The  Somali-land  sequence  therefore  consists  of  the  following:  — 

1.  Marine  and  subaerial  recent  deposits. 

2.  Neocomian  limestones  and  cherts. 

3.  Duba  limestone  of  uncertain  age. 

4.  Bathonian  limestones  of  Bihin. 

5.  Red  and  purple  sandstones — unfossiliferous. 

6.  Archean  series.    (Gneisses  penetrated  by  pegmatite  dykes,  etc.) 

y.  The  Obigin  of  the  Somali-land  Fauna  and  Flora. 

The  discovery  of  the  Bathonian  fossils  is  of  great  interest. 
Bathonian  rocks  are  known  in  Abyssinia  from  the  work  of 
Blanford,^  Ferret  and  Galinier,'  Aubry  and  Douville.*  They  are 
also  well  known  from  the  west  coast  of  India  in  Cutch,  They 
occur  in  Northern  Somali-land,  exactly  on  tlie  line  joining  these 
two  localities.  Mrs.  Lort-Phillips*  fossils  are  especially  of  value, 
as  Rochebrune,*  on  the  basis  of  Revoil's  collections  from  Somali- 
land,  has  disputed  the  accuracy  of  the  determination  of  the  Jurassic 
ago  of  the  Abyssinian  limestones.  The  presence  of  Bathonian  fossils 
in  Somali-land,  however,  shows  that,  apart  from  the  Abyssinian 
limestones,  there  are  fossil iferons  marine  deposits  of  both  Lower 
Jurassic  and  Neocomian  age  in  this  region  of  East  Africa. 

The  occurrence  of  one  species  {Farallelodon  Hgertonianus, 
Stoliczka)  in  Somali-land  and  in  India  helps  to  strengthen  the 
idea  of  the  former  connection  of  the  Bathonian  rocks  of  India 
and  Somali-land,  which  is  suggested  by  the  apparent  extension  of 
these  rocks  along  an  east  and  west  line,  from  Cutch  to  Shoa. 
This  is  of  interest,  as  it  throws  light  on  the  origin  of  the 
interesting  fauna  and  flora  of  the  Golis  Range.  The  report  on  the 
collection  of  plants  made  in  the  Golis  Range,  published  in  the  Kew 
Bulletin  of  Miscellaneous  Information  (No.  lOo,  September  1895, 
))p.  211-30),  shows  that  the  flora  of  this  district  contains  a  very 

'  W.  T.  Blanford,  **  Observations  on  the  Geology  and  Zoology  of  Abyssinia," 
1870.  pp.  176-80,  199-203.  pi.  viii. 

'  Ferret  and  Galinier,  **  Description  geologique  du  Tigre  et  du  Samen  Voyage  en 
Abyssinie,"  t.  iii,  1847,  pp.  54-6. 

**  H.  Dourill^,  "Examendes  fossilos  rapportes  du  Choa  par  M.  Aubry"  :  Bull. 
8oc.  geol.  France,  ser.  3,  t.  xiv,  1886,  pp.  223-41,  pi.  xii. 

^  Eochebronei  in  BStoU,  op.  eU.,  p.  26. 
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high  proportion  of  endemio  species  (69  species  out  of  350  were 
new),  lliis  appears  to  be  due  to  two  reasons.  In  the  first  case, 
the  C^olis  hills  appear  to  contain  limestones,  which  support  a  more 
varied  flora  than  the  soil  formed  by  the  weathering  of  the  gneiss 
and  schist.  As  travellers  generally  cross  from  the  lowlands  to  the 
plateau  by  the  Sheikh  Pass,  which  has  been  cut  down  to  the  Archean 
series,  they  had  previously  missed  this  interesting  flora. 

In  the  second  place,  the  high  proportion  of  endemic  species  and 
the  fauna  and  flora  of  these  hills  may  be  explained  by  their  being 
inhabited  by  a  group  of  species  which  entered  the  country  from 
land  which  formerly  extended  to  the  east  In  the  discussion  at 
the  Geographical  Society  on  Dr.  Donaldson  Smith's  paper  on  his 
journey  to  Lake  Rudolf,  Dr.  Bowdler  Sharpe  remarked  that  some  of 
the  Somali-land  birds  were  allied  to  those  of  the  Cape,  and  were 
unlike  the  representative  species  that  live  in  the  intervening  parts  of 
East  Africa.  It  is  most  probable  that  the  Jurassic  rocks  of  Somali- 
land  are  part  of  a  band  which  once  extended  eastward  into  the 
Indian  Ocean,  and  may  have  been  part  of  the  hypothetical  continent 
of  Gondwana-land  or  Lemuria.  This  continent  was  probably 
separated  from  Equatorial  East  Africa,  but  was  connected  with  the 
Gape.  Thus  it  is  quite  possible  that  some  species  may  have  reached 
both  the  Cape  and  Somali-land  without  entering  Equatorial  Africa. 
Hence  one  of  the  constituents  of  the  fauna  and  flora  of  Somali-land 
may  be  a  remnant  from  those  of  the  lost  continent  of  Gondwana-land 
and  Lemuria. 

VI.  Points  fob  Fubthbb  Inquiby. 

Considering  how  many  travellers  are  now  visiting  Somali-land,  it 
may  be  advisable  to  refer  to  some  of  the  principal  points  in  reference 
to  the  geology  of  Somali-land  on  which  material  is  especially  desired. 

Ist.  Collection  of  fossils  from  Duba ;  from  any  cherts  or  limestone 
on  the  Golis  Range ;  and  from  Fara-Daro. 

2nd.  Information  as  to  the  dip  of  the  limestones  at  Duba,  Bihin, 
or  Fara-Daro. 

3rd.  A  sketch-map*  on  the  scale  of  one  or  two  inches  to  the  mile, 
of  any  part  of  the  Golis  Range  which  includes  the  ends  of  river- 
valleys  running  northward  to  the  coast  and  southward  to  the  Haud. 
The  information  especially  desired  is  the  course  of  the  valleys,  and 
their  relations  to  the  watershed. 

4th.  A  comparison  of  the  succession  of  rocks  seen  in  the  ascent  of 
Wein  Deimoleh  with  those  seen  in  the  ascent  of  the  plateau  scarp  at 
the  nearest  point 

II.  —  On    the    Oooubrbnoe    of    an     Indian    Jubassio     Shell, 

PARALLELODOy      EqERTONIANUS,       IN      SoMALI-LAND,       EaSTEKN 

Afkioa. 

By  R.  BuLLBx  Nbwton,  F.G.S. 

llfRS.  E.  LORT-PHILLIPS,  during  her  journey  in  Africa, 
JjX  collected  some  well-preserved  ilrca-like  shells  from  a  river- 
bed at  Bihin,  in  Somali-land,  which  have  been  entrusted  to  me 
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for  determination*  The  specimens,  belonging  to  one  species,  are 
of  various  sizes,  quite  black  in  colour,  aud  covered  in  places  with 
a  lightiah-brown  matrix. 

Eztemally  they  resemble  Byssoarca,  having  very  anterior,  distant, 
and  inonrved  umbones,  with  a  wide  ligamental  area  between,  through 
the  centre  of  which  runs  a  long  and  straight  hinge-line.  An  exami- 
nation of  the  interna]  characters  of  the  hinge-plate,  obtained  through 
sectioning  one  of  the  specimens  (the  valves  of  all  the  examples  being 
united),  reveals  the  presence  in  the  left  valve  of  seven  or  eight 
■mall,  parallel,  and  oblique  teeth  at  the  anterior  end  of  the  hinge; 
and  succeeding  these  are  two  long  rib-like  teeth,  arranged  parallel 
with  the  hinge-line  and  extending  to  its  posterior  termination. 

The  exposure  of  this  dentition  has  enabled  me  to  refer  the  shells 
to  the  genus  Parallelodon  of  Meek  and  Worthen,  a  name  substituted 
by  those  authors  for  the  better  known  Macrodon  of  Lycett,  which 
had,  unfortunately,  been  previously  used  by  Miiller  for  a  fish. 
When  Lycett  first  diagnosed  this  genus  it  was  only  known  from 
the  Inferior  Oolite  of  the  Cheltenham  neighbourhood,  his  type  being 
called  Macrodon  rugosus.  Since  this,  however,  it  has  been  discovered 
in  much  older  rocks,  and  we  now  find  it  recorded  as  ranging  from 
Devonian  times  to  the  present  day,  recent  examples  having  been 
described  from  the  seas  of  the  Antilles^  and  Japan.'  As  the 
Secondary  shells  of  Africa  frequently  present  a  strong  Indian  fades, 
a  comparison  had  to  be  instituted  before  the  Somali  species  could  be 
definitely  named  or  its  horizon  determined. 

Among  the  Northern  Himalayan  fossils  in  the  British  Museum, 
two  shells  were  detected  corresponding  in  every  detail  with  thone 
from  East  Africa,  and  clearly  referable  to  Stoliczka's  Macrodon  Eyer- 
tonianua.  This  species  was  first  figured  by  Everest  in  1833,  as  an 
Area ;  subsequently  Blanford  mistook  it  for  the  Cutch  form  of 
Cucullaa  virgata,  J.  de  C.  Sowerby;  and  still  later  it  was  recognized 
an  entirely  new  by  Stoliczka,  when  it  received  the  name  of  Macrodon 
Egerionianus. 

The  Niti  rocks  and  Spiti  shales  of  the  Northern  Himalayas,  which 
have  both  yielded  this  species,  besides  such  well-known  forms  as 
Trigonia  costata,  Bhynchonella  varians,  Catnptonectes  lenSy  Stephanos 
eeraa  Braikenridgeiy  Parkinaonia  Parkinsoni,  etc.,  are  regarded  as 
of  Lower  Oolite  or  "  Dogger  "  age ;  we  may  therefore  safely  assign 
the  African  representative  of  this  species  to  the  same  position  in  the 
Jurassic  series. 

Genus  Parallelodon,  Meek  and  Worthen. 

Proceedings  Chicago  Academy,  1866,  vol.  i,  p.  17. 

Macrodon,   Lycett   [non  Miiller,  1842],  Murchison's  "Geology  of 
Cheltenham,"  1845,  pi.  v,  fig.  6,  pp.  98,  99. 
Type — Macrodon  rugosus,  Lycett. 

'  Macrodon  asperula.  Ball,  Bull.  Mus.  Comp.  Zool.  Harvard,  1881,  p.  120 ;  ibid., 
1885,  pL  Tiii,  fig.  4,  p.  244. 

'  Macrodon  Dalit,  E.  A.  Smith,  *•  Challenger  "  Report  [Lamellibranchiata],  1885, 
pi.  XTii,  fig.  10,  p.  269. 
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Paballelodon  Egebtonianus,  Stoliczka. 
Area,  Everest,  ''Asiatic  Ilesearches"   (Calcutta),  1833,  voL  xviii, 

pt  2,  p.  114,  pi.  ii,  fig.  27. 
CuculUea  virgata,  Blanford,  Joum.  Asiatic  Soc.  Bengal,  1863,  p.  136 ; 

and   Blanford   and   Salter,   "  PalseoDtology   of  Niti,  Northern 

Himalaya,"  1865,  p.  103  ;  non  J.  de  C  Sowerby,  1840. 
Macrodon  Egertonianum,  Stoliczka,  Mem.  Geol.  Surv.  India,  1865, 

Tol.  V,  p.  89,  pi.  viii,  fig.  7. 

Diagnosis. — M,  testa  ohliqtie-elongata,  eonvexa,  anguiia,  eoBt%»  radi- 
antibua  rugosis  omaia  ;  costis  ad  marginem  anteriorem  paucioribtu,  ad 
marginem  posieriorem  prope  obsoletis  ;  striis  concentricia  inaqualibui, 
undtdatiSf  interdumque  lamellosis, — Stoliczka. 

Shell  obliquely  elongate,  convex,  narrow,  with  radiating  oost» ; 

costse  fewer  towards  the  anterior  margin  and  nearly  obsolete  at 

posterior  end ;    concentric  strise    unequal,   undulating,   sometimes 

lamellose. 

D1MEN810K8. 

Length        40  to  65  millimetres. 

Height        20  to  25  „ 

Breadth       25  to  40         ,, 

Bemarks,  — The  Somali  specimens  exhibit  the  above  characters  as 
given  by  Stoliczka.  In  addition  it  may  be  noted  that  a  difference 
exists  in  the  ornamentation  of  the  two  valves.  The  right  valves  of 
all  examples,  whether  from  Africa  or  India,  show  a  series  of  inter- 
mittent ribs  between  the  prominent  radiating  costse,  which  are 
entirely  absent  on  the  other  valve,  where  the  costsd  are  rather  fewer 
and  wider  apart.  This  is  referred  to  because  in  his  observations  on 
the  species,  Stoliczka  merely  states  that  the  costas  *'have  usually  no 
intermittent  ribs  between  them."  The  extensive  ligamental  area 
is  beautifully  ornamented  with  numerous  closely-set  grooves. 
Lastly,  a  curious  lithological  resemblance  may  be  observed  between 
the  Indian  and  African  representatives  of  this  species :  both  series 
of  shells  are  of  a  lustrous  black  colour,  relieved  in  places  by  a 
lightish- brown  matrix.  If  the  specimens  from  Niti  in  the  British 
Museum  were  mixed  with  those  from  Somali-land,  it  would  be 
somewhat  difficult  to  separate  them,  so  closely  do  they  approximate 
to  each  other  in  almost  every  detail. 

It  is  interesting  to  note,  in  conclusion,  that  Mrs.  E.  Lort-Phillips 
has  very  kindly  presented  five  of  her  best  specimens  of  this  species 
to  the  Geological  Department  of  the  British  Museum. 

III. — Note  on  some  fragments  of  Belemnites  from  Somali-land. 

By  G.  C.  Crick,  F.G.S. 

ALL  the  fragments  appear  to  be  referable  to  the  same  species. 
There  is  not  a  complete  specimen  among  them ;  some  show  the 
alveolar  region,  but  the  majority  exhibit  only  the  post-alveolar  part, 
and  there  is  not  an  example  with  the  apex  preserved. 

Transverse  sections  of  the  guard  show  that  the  species  here  repre- 
ted  belongs  to  the  group  Canaltculatt,  as  defined  by  Neumayr.^ 

^  Yerhandl.  d.  k.-k.  geolog.  Reichsanstalt,  1889,  pp.  52-6. 
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The  guard  appears  to  have  been  not  very  long,  only  very  slightly 
hastate,  with  a  moderately  elongated  apex ;  ventral  surface  with  a 
strong,  rather  broad  furrow,  extending  the  whole  length  of  the  guard, 
disappearing  only  near  the  apex,  a  little  narrower  on  the  alveolar 
legion;  sides  of  the  guard  narrowly  rounded,  with  dorso-lateral 
▼asonlar  impressions,  well-marked  on  the  alveolar  region,  very  feeble 
on  the  rest ;  dorsal  area  broadly  rounded,  rather  flat ;  angle  of  the 
phragmooone  20^ ;  alveolar  region  nearly  circular  in  section,  the 
post-alveolar  region  depressed ;  siphuncle  on  the  same  side  as  the 
deep  groove. 

The  species  resembles  Bdemnttes  Tanganensia,  described  by 
Futterer  ^  from  Tanga,  on  the  east  coast  of  Africa,  where  it  occurs  in 
association  with  Lower  Oxfordian  Ammonites.  But  Futterer's 
species  is  more  compressed  in  the  alveolar  region,  and  less  depressed 
in  the  post-alveolar  region,  than  the  Somali  specimens.  In  these 
respects  the  latter  agree  better  with  the  specimen  figured  by  J.  de  G. 
Sowerby  as  Belemniten  eanaliculatus,  Schlotheim  (»B.  Orantanua, 
D'Orb.').  The  alveolus  is  shown  in  one  of  the  Somali  specimens ; 
its  angle  (20^)  agrees  with  that  given  by  Waagen  for  B.  aubhastaluSf* 
to  which  species  he  refers  the  B,  Orantanua,  I)*Orb. 

The  Somali  specimens  in  form  agree  with  certain  of  the  figures 
that  Oppel  gives  of  his  B,  Gerardi  (Pal.  Mittheil.,  pp.  273,  296, 
pi.  Ixxxviii,  figs.  1-3,  particularly  figs.  1  and  2),  which  species 
Oppel  states  to  be  narrower  and  more  depressed  than  Zieten's 
B,  subhastatua.  In  the  explanation  of  the  figures,  Oppel  adds 
**  B.  Grandianua,  D'Orb.  MS."  This  possibly  referred  to  the  name 
B.  Grantanua,  which  D'Orbigny  gave  to  the  specimen  figured  by 
Sowerby  as  B,  canaliculatua ;  and,  if  so,  it  would  seem  that  Oppel 
regarded  B.  Grantanua,  D'Orb.,  and  his  own  B.  Gerardi,  as  the  same 
species,  although  he  does  not  place  the  former  name  in  the  synonymy 
of  the  latter. 

Stoliczka  ^  regarded  the  B.  aulcatua  described  by  Blanford  ^  from 
the  Spiti  Shales  as  identical  with  B.  canaliculatua^  Schlotheim, 
and  he  also  considered  the  specimen  described  by  Sowerby  from 
Cutch  as  B,  canaliculatua^  rightly  determined,  and  further  he 
thought  it  was  probably  for  this  species  that  Oppel  proposed  the  name 
B,  Gerardi,  He  adopted,  however,  the  name  B.  canaliculatua, 
Schloth.  A  comparison  of  the  specimens  from  Spiti  figured  by 
Blanford  with  the  example  from  Cutch  figured  by  Sowerby,  shows 
that  the  latter  is  more  depressed  than  the  former. 

In  a  postscript  to  the  "  Palssontology  of  Niti "  (p.  106)  H.  F.  Blanford 
placed  OppeFs  B,  Gerardi  as  a  synonym  of  B,  aulcatua,  and  adopted 
the  latter  name  for  the  species. 

*  Zeitachr.  deutsch.  geol.  GeselL,  xlvi  (1894),  p.  30,  pi.  v,  ficrs.  2,  2a-c,  3,  3«-<r. 

*  A.  D'Orbi^y,  "Prod,  de  Paleont.  stratigr.,^'  vol.  i,  p.  326,  1850. 
'  Zieten,  Veret.  Wiirttemb.  1832,  p.  27,  pi.  xxi,  fig.  2. 

*  Mem.  Geol.  Surv.  India,  vol.  v,  pt.  1,  1865,  p.  111. 

*  II.  F.  Blanford  in  J.  W.  Salter  and  H.  F.  Blanford,  **  Palaeontology  of  Niti,  in 
the  Xorthern  Himalaya,"  1865,  p.  76,  pi.  x,  figs.  1-8 


4; 


*  Trans.  Geol.  Soc.  London  [2J,  vol.  y,  pi.  xxiii,  fig.  2  and  explanation.    1840. 
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In  his  "Jnrassio  Fauna  of  Eiitch"Waagen  ^  refers  B.  GraiilaiiiM  and 
B.  Gerard  to  distinct  species,  regarding  the  former  as  a  synonym 
of  Zieten's  B.  sybhoBtatua. 

Among  the  fossils  brought  by  M.  Aubry  from  Choa,  Donvill^ 
found  only  one  Gephalopod — a  single  fragment  of  a  Belemnite — which 
appeared  to  him  to  belong  to  the  group  of  Belemmopsis  suleata,*  It 
seems  to  have  been  associated  with  Trigoma  puUua — a  form  which  in 
this  country  occurs  in  the  Lower  Oolite — and  may  be  identical  with 
that  occurring  in  Somali-land. 

The  Somali  specimens  are  intermediate  between  the  Spiti  speci- 
mens'  which  were  figured  by  Blanford  as  B.  $uleatu»  and  the 
Gutch  specimen  *  figured  by  J.  de  C.  Sowerby  as  B.  eanaliculatns, 
the  transverse  section  of  the  Somali  specimens  being  somewhat  less 
compressed  than  the  former,  and  not  quite  so  depressed  as  the  hitter ; 
they  appear,  however,  to  come  rather  nearer  to  the  Cutch  specimen, 
and  I  have  therefore  placed  them  with  this  species,  and  have  adopted 
Prof.  Waagen's  identification  of  the  same  as  B,  $tibkaBtatu»,  Zieten. 

Horizon. — Waagen  states  that  B.  subhaBtatua  **  is  not  very  common 
in  the  Eutch  Jura,  and  is  apparently  restricted  to  the  beds  with 
Steph.  wuierocephalum,^*  *  and  that  B.  Gerardi  "  is  entirely  wanting 
in  the  true  Macrocephalui  beds,  but  begins  immediately  above  it, 
and  extends  from  here  through  the  whole  of  the  upper  part  of  the 
Gharee  group— in  other  words,  it  is  found  in  Upper  Callovian  and 
Lower  Ozfordian  beds."  '  Li  Grermany  B.  subkastatui  characterizes 
the  maeroeephaluB  zone. 


IV. — The   Dislocation    and   Disintegration   of   the   Chalk  in 

Eastern  England  and  in  Denmark. 

By  Sir  HsmiT  H.  Howorth,  K.C.I.E.,  M.P.,  F.R.S.,  F.G.S. 

I  PROPOSE  in  the  following  paper  to  continue  and  complete 
the  story  which  I  have  partially  printed  in  the  Qeol.  Mao., 
Feb.  1896,  p.  58;  but  first,  a  few  words  about  the  Yorkshire 
evidence,  which  I  had  overlooked. 

Mr.  J.  F.  Blake,  speaking  of  the  Yorkshire  chalk,  says  it  "has 
been  subjected  to  the  action  of  some  force,  which  has  been  strong 
enough  to  take  hold  of  huge  masses  and  contort  them  and  stand 
them  on  end.  A  remarkable  folding  in  the  rocks  was  noticed  many 
years  ago  at  Scale  Nab,  on  the  coast,  by  Professor  Sedgwick — an 
equally  noteworthy  instance  of  similar  action  has  come  under  my 
observation  on  the  summit  of  the  crest  between  Sherbum  and 
Weavertborpe.  On  ascending  the  hill  from  Sherbum  is  a  large 
quarry  with  the  chalk  perfectly  horizontal,  and  not  more  than  20 
feet  above  the  level  of  its  upper  surface  are  found  beds  belonging 

*  Pal.  Indica,  ser.  ix,  '*  Jurassic  Faiina  of  Kutch,"  vol.  i,  pp.  13,  14,  1873. 
»  Bull.  See.  G^l.  France  [3],  voL  xiv,  p.  223. 

»  Now  in  the  Brit  Mus.  Coll.,  Nos.  C.  2566-72. 

^  Now  in  the  Moseum  of  the  Geological  Society  of  London. 

*  Op.  eit.f  p.  16. 

*  Op.  eit.,  p.  13. 
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to  the  next  higher  portion  of  the  senes  standing  up  nearly  vertioal, 
having  a  dip  of  70^  to  the  south.  .  .  .  The  same  beds  are  seen 
crossing  the  surface  of  the  road  to  a  length  of  nearly  70  feet,  so 

that  we  must  have  as  much  as  60  feet  thus  set  on  end 

If  we  continue  upwards  a  little  higher  we  find  a  still  more 
marked  disturbance  about  the  500  feet  level.  Not  only  are  the 
beds  tilted  up,  but  they  are  actually  inverted,  so  that  instead  of 
dipping  south  at  a  very  low  angle  they  are  dipping  north  at  about 
45^,  having  been  turned  through  an  angle  of  135^.  The  date  of 
this  disturbance  is  also  indicated  by  these  chalk  beds  actually  lying 
upon  stratified  Quaternary  sand,  which  forms  the  mound  on  which 
they  were  stopped.  These  phenomena  indicate  a  powerful  force 
coming  from  the  direction  of  the  north,  during  a  season  in  which 
the  lower  levels  were  protected  from  its  influence."  (Proc.  Geol. 
Assoc.,  vol.  V,  pp.  267-8.) 

Again,  he  speaks  of  a  quarry  at  Weaverthorpe,  in  which  a  mass 
of  chalk  stands  nearly  vertical,  and  dips  actually  northward  into 
the  hill.  .  .  .  The  quarry  has,  in  fact,  been  opened  in  a  huge  mass 
which  has  broken  off  the  rest,  and  has  fallen  or  been  forced  over  on 
to  its  end. 

In  another  passage  Mr.  Blake  remarks  that  "  In  some  quarries 
every  fragment  has  its  surface  covered  with  parallel  lines  at  different 
levels,  like  a  broken  mass  of  basalt  in  miniature,  or  even  like  the 
appearance  of  a  worn  massive  coral.  .  .  .  This  peculiarity  has 
been  noticed  before  by  Mr.  Mortimer,  who  thought  it  was  actually 
doe  to  coral  growth ;  that  it  is  not,  is  of  course  proved  by  the  total 
absence  of  any  real  animal  structure.  .  .  .  The  slickensided  chalk 
may  be  found  all  over  Yorkshire,  but  it  is  nowhere  so  remarkable 
as  near  the  change  of  direction  of  the  line  of  outcrop — that  is,  a 
little  north  of  its  highest  elevation.''  (Blake,  Proc.  Geol.  Assoc, 
vol.  V,  pp.  265-8.     The  italics  are  ours,) 

These  effects  seem  to  me  to  be  all  due  to  one  cause,  and  that 
a  very  recent  one,  namely,  the  same  cause  which  gave  the 
Yorkshire  wolds  their  present  contour,  and  which  could  be  no  other 
than  a  powerful  subterranean  impulse.  How  is  it  possible  for 
anyone  who  has  studied  the  work  of  ice  in  its  native  home  to 
attribute  these  effects  jauntily,  as  Mr.  Blake  does,  to  the  action 
of  ice  ?  **  Geologists,"  he  says,  "  will  see  in  this  [i.e.  in  the  faulting 
and  bending  of  these  solid  beds  of  chalk],  doubtless,  another  form 
of  those  glacial  forces  which  have  strewed  the  bottoms  of  the 
valleys,  and  in  some  instances  hollows  at  high  elevations  with 
boulders  and  clay."  What  fantastic  writing  is  this?  As  an 
alternative  in  another  case,  Mr.  Blake  suggests  that  these  contortions 
and  upheavals  of  solid  chalk  beds  have  been  due  to  the  wasting 
effect  of  springs.  Uniform itarian  champions  ought  surely  to 
fall  back  on  Mrs.  Partington's  mop.  That  would  be  a  real 
instrument  of  denudation. 

The  large  boulders  referred  to  in  my  former  paper  as  occurring 
further  south,  are  also  found  north  of  the  Humber.  Thus,  Mr.  Jukes- 
Browne  says : — **  Large  masses  of  chalk  occur  in  the  gravel ;  one  such 
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mass,  with  flint-bands  nearly  Tertical,  and  now  half-quarried  away, 
must  have  measured  some  eight  yards  in  length ;  aooording  to  the 
workmen's  aooount,  the  part  left  is  ten  feet  wide  by  eight  feet  in 
height  Another  mass,  eight  feet  broad,  was  just  being  exposed 
at  the  time  of  my  visit,  June  1883 ;  while  near  the  entrance  there 
was  a  third,  long  tabular  mass  of  chalk  about  20  feet  long,  and 
passing  into  reasserted  white  marl ;  but  the  greater  part  having 
its  bedding  so  little  disturbed  that  it  might  have  been  tn  «t(«L*' 
Speaking  of  this  latter,  he  continues : — "  The  seam  of  dark -grey  marly 
clay  at  the  base  of  the  chalk  was  from  two  to  six  inches  thick,  and 
exactly  like  the  bands  which  so  frequently  occur  in  the  chalk-with- 
flints.  It  would  seem,  therefore,  that  a  mass  of  chalk,  together 
with  the  clay-band,  had  been  quarried  out  of  the  hill  and  embedded 
in  the  gravel  without  disturbance  of  its  bedding  or  destruction 
of  the  clay."  ("Geol.  North  Lincolnshire  and  South  Yorkshire," 
p.  171.)  It  seems  to  me  that  facts  like  these  are  only  consistent 
with  the  cause  I  urged  in  my  previous  paper. 

The  great  earth -movements  that  raised  the  chalk  wolds  of 
Yorkshire,  in  doing  so  necessarily  caused  transverse  fissures  at  right 
angles  to  the  anticlinal  lines,  thus  forming  the  steep-sided  transverse 
dales  which  mark  them.  This  was  well  seen  and  urged  by  the 
older  geologists,  who  had  studied  mechanics  and  physios,  and  did 
not  construct  their  camels  out  of  their  imaginations  only.  The  most 
important  of  all  these  transverse  valleys  is  probably  that  in  which 
the  H umber  flows,  and  which,  if  not  a  fissure,  presents  to  us  the 
chalk  bent  down  or  sunk  to  a  great  depth  below  high- water  mark, 
and  the  hollow  filled  up  by  the  chalky  clay,  etc.,  showing  that  it 
was  made  at  the  same  time  as  the  great  depressions  of  the  chalk 
marked  by  the  well-borings  at  Boston,  in  Lincolnshire,  and  Yarmouth, 
in  Norfolk. 

The  steep  sides  of  these  buried  valleys  are  remarkable.  Thus, 
Mr.  Jukes-Browne  says  of  a  gravel-pit  west  of  Wold  Newton  church : 
"  From  this  depth  of  40  feet  the  chalk  rises  steeply  on  either  side  in 
a  series  of  rough  slopes"  (op.  cii.^  p.  171).  Again,  Mr.  G.  Heid 
says :  ''  Great  Limber  is  partly  on  gravel  and  partly  on  chalk, 
the  gravel  having  its  limit  generally  well  defined  by  a  sharp  rise 

of  chalk The  abrupt  rise  of  the  chalk  at  Limber  brickyard 

is  very  curious ;  for  one  of  the  cottages  belonging  to  the  pit  is 
on  chalk,  while  not  80  yards  away,  on  the  same  level,  there  is 
at  least  37  feet  of  sand  and  warp  "  (id.,  p.  180). 

Turning  to  the  valley  of  the  Humber,  Mr.  C.  Beid,  in  his  "  Geology 
of  Holderness,"  tells  us  that  under  it  "  there  is  evidently  a  con- 
siderable thickness  of  boulder-clay,  though  none  of  the  borings  yet 
made  have  shown  the  full  depth  of  the  old,  probably  pre-Glacial, 

Humber  valley They   prove   that   boulder-clay,  interstra- 

tified  with  sand  and  gravel,  reaches  a  depth  of  at  leaBt  83  feet 
below  the  present  level  of  high-water ;  and,  judging  from  the  dip, 
there  will  be  a  still  greater  thickness  in  the  old  channel."  He 
qaotes  other  cases  thus:  one  boring,  300  yards  east  of  Hessle 
9  reached  chalk  at  42^  feet   below  high-water;    a   second. 
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immediately  within  the  Humber  bank,  reached  it  at  44  feet ; 
another,  in  26  feet  of  water,  reached  it  at  24^  feet;  another,  in 
33  feet  of  water,  at  22  feet;  another,  in  33  feet  of  water,  at 
23  feet.  In  one  case,  a  boring  in  25^  feet  of  water,  chalk  wm 
not  reached  at  58^  feet.  In  another,  where  the  bore-hole  started 
at  3  feet  below  high-watbr,  chalk  was  not  reached  at  12\  feet 
(Op.  dt.,  pp.  39,  151.)  In  a  bore-hole  at  Beed*s  Island,  in  the 
Hamber,  chalk  was  reached  at  185  feet. 

Mr.  Reid  speaks  of  the  chalk  south  of  Barton  as  glaciated  (that 
is,  in  ordinary  language,  broken  and  dislocated)  to  a  depth  of 
several  feet ;  and  the  irregular  depths  at  which  it  occurs  from  the 
surface  show  that  it  must  be  much  crumpled,  bent,  and  warped ; 
and  inasmuch  as  the  hollows  created  by  the  flexures,  which  go 
down  considerably  below  low-water,  are  filled  in  by  boulder-clay 
only,  it  is  virtually  certain  that  they  occurred  either  coincidently  or 
just  before  the  clay  was  distributed. 

That  these  flexures  and  dislocations  were  caused  by  a  very 
different  force  than  any  that  could  be  exercised  either  by  glaciers 
or  icebergs,  seems  evident  when  we  test  the  problem  in  the  true 
inductive  way,  namely,  by  placing  side  by  side  the  phenomena  in 
question  from  Eastern  England  with  those  from  Dorsetshire,  where 
we  have  effects  largely  of  the  same  kind  and  degree,  in  an  area 
where  ice-sheets  and  icebergs  cannot  be  postulated.  The  dislocation 
about  Purbeck  and  in  the  Dorsetehire  Chalk  are  good  indices  that 
the  effects  in  question  were  due  to  subterranean  forces,  and  not  to 
the  great  ice  monster  continually  invoked  by  the  wilder  glacialists. 
Let  us  now  turn  our  glance  further  east.  It  is  a  great  pity  that 
BO  little  has  been  done  during  the  last  half-centnry  to  illustrate  the 
constitution  of  the  sea-bottom  of  the  German  Ocean.  We  know  its 
contour  well  enough,  but  the  distribution  of  the  rocks  that  form 
its  bed  we  can  hardly  be  said  to  know,  and  yet  materials  are 
available.  At  South  wold  and  other  places  on  the  east  coast,  the 
so-called  "  crabs  "  to  which  the  fishermen  fasten  their  boats,  are 
piled  up  with  subangular  masses  of  rock,  including  lumps  of  chalk, 
of  Coralline  Crag,  as  well  as  of  crystalline  rocks,  which  have  been 
trawled,  and  about  whose  provenance  the  fishermen  have  collected 
considerable  details ;  and  it  is  a  great  pity  that  the  Geological 
Surveyors,  who  have  spent  so  much  time  on  this  coast,  have  not 
made  more  inquiries  on  the  subject,  and  furnished  us  with  more 
materials  for  settling  some  doubtful  questions. 

Two  things,  however,  seem  perfectly  plain :  one  is,  that  the  folds 
and  bends  which  mark  the  chalk  in  East  Anglia,  Lincolnshire,  and 
Yorkshire,  also  mark  the  beds  underlying  the  German  Ocean ;  and 
inasmuch  as  we  meet  with  the  chalk  again  in  folds  when  we  reach 
Denmark,  it  seems  probable  that  the  Cretaceous  beds  were  once 
continuous  right  across  the  North  Sea.  I  am  informed  by  a  dis- 
tinguished hydrographer,  that  when  the  Trinity  House  proposed  to 
erect  a  lighthouse  on  the  Goodwins  a  boring  was  put  into  the 
ground,  and  that  chalk  was  rapidly  reached.  This  shows  that  the 
Goodwin  Sands  form  an  anticlinal  saddle  or  down.     The  Admiralty 
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charts  show  a  ohalk  bottom  off  the  eastern  coast  of  EDglaod,  both 
off  Kent  and  Essex,  indicating  that  this  depression  is  a  synclinal 
hollow  in  the  chalk. 

It  is  equally  probable,  althongh  of  this  we  have  not  the  same 
direct  evidence,  that  the  Dogger  Bank  is  another  ohalk  down  covered 
with  sand,  and  it  is  not  unlikely  that  some  of  the  chalk  lumps 
brought  in  by  the  Southwold  fishermen  have  been  dredged  on  the 
^gg^i*-  Between  that  bank  and  Denmark  there  has  been  some 
denudation,  for  when  we  reach  the  Danish  coast,  some  of  the  beds 
below  the  chalk  are  exposed  :  perhaps  this  has  been  an  area  stripped 
of  its  covering  of  chalk,  like  the  Fen  depression  and  the  Weald. 

Proceeding  still  eastward,  we  come  to  the  chalk  of  Jutland,  and 
then  to  the  broken  and  dislocated  chalk  beds  of  Moen  and  the  other 
Danish  islands,  which  present  such  a  remarkable  parallel  to  the 
dislocated  chalk  beds  of  England,  and  the  discussion  of  which  by 
the  foremost  German  geologists  has  apparently  largely  escaped  oiur 
own  writers  —  the  only  person  known  to  me  who  in  recent  years 
has  referred  to  them,  and  he  only  casually,  being  Professor  James 
Geikie. 

I  will  give  a  short  conspectus  of  the  most  recent  views. 
First,  as  to  Lyell's  observations  and  conclusions.  He  says : — 
''The  chalk  in  the  cliffs  at  Moen,  which  are  from  300  to  600 
feet  high,  is  in  beds  partially  vertical,  partly  curved,  and  has 
undergone  extreme  disturbance.  As  we  find  a  range  of  the 
English  chalk  in  Purbeck  and  the  Isle  of  Wight,  where  the 
strata  are  much  dislocated  and  thrown  on  their  edges,  while 
in  the  immediate  neighbourhood  of  the  line  of  convulsion'  strata 
of  similar  chalk  are  traced  over  a  wide  area  in  horizontal 
or  slightly  tilted  position,  so  in  Denmark  we  remark  the  like 
contrast  between  the  state  of  the  white  chalk-with-flinta  which 
occurs  in  the  neighbouring  islands  of  Seeland  and  Moen.  .  .  . 
The  Moen  cliffs  are  subdivided  by  deep  ravines  into  separate  and 
distinct  masses.  .  .  .  They  are,  in  fact,  narrow  clefts,  coinciding  with 
lines  of  fracture  and  dislocation.  .  .  .  The  first  opening  or  narrow 
valley  is  near  a  rock  called  Taleren  :  a  deep  ravine  here  comes  down 
at  right  angles  to  the  line  of  coast.  .  .  .  Another  great  line  of  fracture 
further  south,  at  Sommerspiret,  where  another  ravine,  filled  with 
clay  and  sand,  comes  down  to  the  sea.  Here,  as  afterwards,  in  a 
third  break  in  the  cliffs  further  south,  I  observed  the  strata  of  chalk 
dipping  on  the  opposite  sides  of  the  ravine  towards  the  hollow. .. . 
The  cliff  called  Dronningestolen  is  between  300  and  400  feet  high, 
nearly  three-fourths  of  which  are  perpendicular,  but  the  lower  part 
is  a  sloping  mass  of  solid  chalk-with-flints,  the  beds  of  flint  being 
highly  inclined  towards  the  sea.  .  .  .  Two  rents  descend  per- 
pendicularly, and  terminate,  the  one  at  a  depth  of  100  feet  and 
the  other  of  more  than  160  feet,  from  the  top  of  the  cliff.  They  are 
filled  with  sand,  and  near  the  termination  are  two  caves,  one  of 
which  is  14  feet  and  the  other  16  feet  high.  They  may  be  sections 
of  subterranean  passages,  and  are  distinctly  connected  with  dis- 
locations in  the  chalk."   ....     Lyell   suggests,  that  the  upper 
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portions  of  some  of  the  obasms  may  have  closed  again 

"Their  movements,"  he  said,  "  have  produced  sharp  curves  in  some 
places,  and  in  others  great  faults  in  the  strata  of  chalk,  which  are 
beautifully  marked  by  the  lines  of  black  flints.  Occasionally 
a  mass  of  chalk,  divided  by  regular  layers  of  enclosed  flints,  abuts 
abruptly  against  another  in  which  no  flints,  or  scarcely  any,  are 
visible.  Almost  every  other  imaginable  form  of  dislocation  may 
sometimes  be  met  with.  I  did  not  see  any  flints  shattered  in  silH, 
and  I  am  told  they  have  rarely  been  observed.*'  Lyell  compares 
the  phenomena  at  Moen  with  the  large  masses  of  chalk  in  the 
Norfolk  cliffs,  and  says  the  appearances  are  strictly  analogous,  but 
in  Norfolk  are  on  a  much  smaller  scale.  "  In  both  cases,  they  compel 
us  to  assign  a  comparatively  modem  date  for  an  era  of  partial  but 
violent  eonvtUsion,  by  which  the  chalk  has  been  deranged"  (Trans. 
Geol.  Soo.,  2nd  ser.,  v,  pp.  252-7.) 

In  the  abstract  of  this  paper,  which  was  read  before  the  Geological 
Society,  on  May  13th,  1835,  Lyell  says : — "  In  consequence  of  the 
disturbances  the  chalk  has  been  made  to  alternate  on  a  great  scale 
with  interposed  and  unconformable  strata  of  clay  and  sand.  These 
alternations  cannot  be  explained  by  supposing  the  detritus  of  the 
superincumbent  strata  to  have  been  washed  by  running  water 
into  clefts ;  but  masses  of  the  Tertiary  beds  seem  rather  to  have  been 
engulf edy  (Proc.  Geol.  Soc,  ii,  192.)  He  further  adds,  that 
Dr.  Forchhammer  had  discovered  similarly  disturbed  chalk  in  the 
Danish  island  of  Seeland. 

In  his  address  to  the  Geological  Society  in  1836,  Lyell  again 
refers  to  these  dislocations,  and  says : — **  The  movements  have  been 
on  so  great  a  scale  that  masses  of  the  overlying  clay  and  sand  have 
subsided  bodily  into  large  fissures  and  chasms,  intersecting  the 
chalk  to  the  depth  of  several  hundred  feet  Some  of  the  intercala- 
tions of  clay  and  sand^  in  the  midst  of  great  masses  of  unconformable 
chalk,  can  only,  I  think,  be  explained  by  supposing  engulfments  of  super^ 
incumbent  matter,  such  as  are  described  to  occur  in  earthquakes," 
(Id,,  p.  366.) 

Dr.  Beck,  in  a  paper  communicated  to  the  Geological  Society  in 
1835,  speaks  of  the  masses  of  gravel  and  sand  which  in  Moen  have, 
in  consequence  of  great  disturbances,  become  entangled  with  portions 
of  disrupted  chalk.  In  the  neighbourhood  of  Thisted,  at  Thye,  to  the 
north  of  Mors,  and  in  the  island  of  Fuur,  Dr,  Beck  observed  in  1831, 
dislocations  which  affect  equally  the  Tertiary  strata  and  the  Chalk. 
He  further  says  that  since  the  sandy  beds  of  Denmark  sometimes 
contain  shells  identical  with  those  now  living  in  the  German  Ocean, 
it  is  evident  that  the  chalk  in  Denmark  has  been  submerged  since 
the  existence  of  the  living  species  of  testacea.  (Proc.  Geol.  Soc,  ii, 
p.  217,  eta) 

The  next  reference  I  can  find  to  these  dislocated  chalk  beds  is  in 
a  memoir  by  C.  Puggaard,  entitled  "  Uebersicht  der  Geologie  du  Insel 
Moen,"  published  at  Berne  in  1851.  Lyell  speaks  of  him  as  a  most 
able  and  reliable  authority.  To  be  clear,  he  says  : — **  The  escarpment 
of  Moens  Elint  is  about  18,000  metres  in  length ;  along  this  length 
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of  cliff  it  18  only  at  each  end  that  the  chalk  and  the  superinoumhent 
Boft  beds  lie  in  a  horizontal  position.  In  the  intermediate  space  the 
strata  of  chalk  are  twisted,  curved,  and  bent  in  all  ways,  in  the 
form  of  an  S  or  a  Z,  in  a  semicircle  or  stirrup-shape,  or,  again,  cut 
by  chasms,  forming  enormous  faults,  and  interlaced  in  the  most 
extraordinary  fashion.  About  the  middle  of  the  scarp,  at  a  place 
called  Dronningestol,  the  confusion  attains  its  maximum,  and  there 
the  cliff  rises  to  its  highest  point,  420  metres.  The  dip  of  the 
strata  also  varies  greatly  and  changes  continually,  in  some  places 
passing  abruptly  from  a  horizontal  position  to  a  vertical  one ;  and, 
what  is  most  remarkable,  the  inclination  of  the  strata  seems  less 
marked  at  the  summit  of  the  scarp,  and  the  inclination  of  the  beds 
increases  rapidly  as  we  go  down,  and  sometimes  the  beds  are  more 
than  vertical,  the  chalk  resting  on  the  diluvian  beds,  but  always  in 
order"  (toujours  en  stratification  concordante).  He  gives  several 
sections  showing  how  in  several  ravines  in  the  island  the  layers  of 
clay  and  sand  follow  the  exact  lines  of  the  chalk.  In  other  ravines 
it  is  only  on  one  side  that  we  have  this  continuous  superposition ; 
on  the  other  the  drift  beds  are  sharply  cut  off,  and  often  plunge 
below  the  chalk,  so  that  the  chalk  lies  on  the  drift  in  discordant 
fashion.  The  faults  are  often  difficult  to  find,  especially  those 
occurring  where  the  strata  are  much  inclined.  By  means  of  these 
breaks  and  faults,  beds  of  clay  and  sand  often  look  as  if  intercalated 
in  the  chalk ;  but  on  examining  the  place  closer,  it  is  found  that 
where  the  chalk  looks  as  if  it  rested  on  the  clay  it  is  separated 
from  it  by  a  breccia  filled  with  angular  pieces  of  flint  and  mixed 
with  clay  containing  rolled  pieces  of  granite. 

It  is  often  found  that  the  edges  of  the  inclined  strata  in  the 
ravines  are  bent  over  in  a  direction  opposite  to  the  run  of  the 
ravine,  showing  whence  the  force  has  come  which  made  them. 
The  hills  in  the  centre  of  the  island  have  very  steep  sides,  with 
pronounced  outlines,  and  are  separated  hy  deep  ravines,  showing 
that  notwithstanding  the  soft  surface  mantle,  the  contour  of  the 
country  is  really  due  to  subterranean  forces.  The  lines  of 
fracture  extend  to  Denmark,  and  are  marked  there  by  fjords,  etc. 
"  I  am  convinced,"  says  Puggaard,  **  that  the  surface  of  Denmark 
owes  its  contour  much  more  to  the  bending  and  plication  of  its 
strata,  and  to  subterranean  movements,  than  could  at  first  sight 
be  supposed  from  a  mere  examination  of  its  surface  beds."  He 
further  argues  that  the  dislocations  in  the  Isle  of  Moen  referred  to, 
all  date  from  about  the  same  geological  epoch ;  but  from  the  different 
directions  of  the  rents,  he  attributes  them  to  different  shocks.  In 
addition  to  the  principal  dislocations,  there  are  secondary  ones 
almost  at  right  angles  to  the  former. 

Puggaard  gives  many  details  about  the  changes  in  the  dip 
of  the  strata  in  various  parts  of  the  island,  and  many  sections  to 
show  the  actual  facts ;  and  he  concludes  that  the  dislocations  were 
the  result  of  some  very  violent  lateral  pressure,  which  he  attributes 
to  the  shrinkage  of  the  earth's  crust,  and  which  gave  way  in  certain 
weak  places.  From  the  fact  of  the  lower  strata  being  more  affected 
than  the  upper,  he  judges  that  it  was  rather  the  result  of  collapse 
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than  of  elevation,  and  that  the  effects  so  remarkable  in  Moen  were 
the  result  of  the  sinking  in  of  the  bed  uf  the  surrounding  sea  to  the 
depth  of  500  to  600  feet;  this  affected  the -whole  island,  together 
with  Denmark,  which  afterwards  rose  again  covered  with  its  mantle 
of  sand  and  clay  and  boulders.  Then  it  was  that  the  scarped  cliffs 
of  Moen  were  formed,  and  became  the  subject-matter  of  attack 
by  the  waves  of  the  Baltic,  reinforced  by  the  waters  of  the  Arctic 
Ocean,  coming  by  way  of  the  then  open  Bothnian  Channel.  He 
considers  that  this  sinking  probably  affected  the  whole  of  the 
North  and  East  European  districts  where  the  drift  phenomena 
occur,  and  also  extended  to  the  mainland  ^  of  Denmark  and  of 
Scandinavia,  and  he  considers  the  Swedish  Asar  and  the  Danish 
sand  riicken  as  due  to  the  same  cause.  The  depth  to  which  he 
carries  this  sinking  is  apparently  based  on  the  height  above  the  sea- 
level  at  which  marine  shells  have  occurred  in  Scandinavia  and 
England.  He  attributes  the  dislocations  in  the  strata  of  Moen  to 
about  the  time  of  the  so-called  Glacial  age,  and  adds  the  notable 
words — '*  Ich  glaube  dieses  Ereigniss  als  eine  bequeme  Grenze 
der  Tertiaren  und  Quaternaren  Periode  fur  Nord  Enropa  ansehen 
zu  konnen  obschon  eine  scharfe  Scheidung  der  beiderseitigen 
Bildungen  nur  ausnahmsweise  moglich  ist.''  {Op,  cit.  See  also 
Pnggaard,  •*  Sur  la  geologic  de  Tile  de  Moen " :  Bull.  Soc.  Geol. 
France,  2nd  ser.,  viii,  p.  582,  etc.) 

Lyell,  the  great  champion  of  Uniformity  and  a  very  keen  critic 
of  the  work  of  others,  adopts  and  incorporates  the  arguments  and 
results  of  Pnggaard  in  his  "  Antiquity  of  Man." 

We  must  now  pass  on  a  few  years.  In  his  memoir  published 
in  1874  on  the  dislocations  in  Moen  and  Rugen,  F.  Johnstrup 
endeavoured  to  account  for  them  by  aj)pealing  to  ice. 

Against  this  view  more  than  one  tamous  German  geologist  protested. 
Von  Koenen,  in  examining  the  broken  and  dislocated  chalk  of  the 
Danish  islands,  contests  the  possibility  of  ice  having  anything  to 
do  with  it ;  he  traverses  Johnstrnp's  case  in  detail,  and  compares  the 
phenomena  discussed  by  hitu  with  the  very  similar  phenomena  he  has 
himself  described  in  Hessen  and  on  the  Weser,  and  notably  in  the 
districts  of  Kreiensen,  Gottingen,  Marburg,  llersfeld,  Geisa,  and 
Vacha,  where  no  ti*aces  of  northern  erratics  or  ice- work  occur, 
and  where  they  cannot,  therefore,  be  attributed  to  ice.  He 
especially  quotes  the  underpinning  of  the  great  chalk  masses  by 
boulder-clay  and  sand,  which  he  compares  with  the  reversed  strata 
at  Htiggel,  near  Osnabruck,  where  the  Middle  and  Upper  Lias 
are  thrust  in  below  the  beds  of  Zechstein.  He  compares  the 
hollows  and  basins  of  various  shapes  occurring  in  Ktigen  with 
the  similar  hollows  in  Central  Germany,  which  he  had  already 
shown  to  be  due  to  the  sinking  of  the  ground  ;  he  points  out 
that  the  faults  which  occur  in  this  district  are  of  Pleistocene  age, 
and  argues  that  the  general  dislocations  were  coincident  with 
a  sinking  of  the  bed  of  the  Baltic.  (See  A.  von  Koenen,  *'  Ueber  post- 
glaciale  Dislokationen  "  :  Jahrbuch  der  Konigl.  Preuss.  geologisclien 
Landesanstalt  und  Bergakademie,  1886,  pp.  1-19.) 
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In  1889,  Berendt  published  a  paper  in  which  he  reverted  to 
Johnstrnp's  explanation,  and  argued  at  considerable  length  in  bis 
favour.  This,  again,  was  answered,  with  great  force  and  in  great 
detail,  in  a  memorable  and,  as  it  seems  to  me,  conclusive  memoir  by 
R.  Credner,  in  which  he  made  the  position  so  long  ago  sustained 
by  Lyell  unassailable.  The  fact  is  the  more  remarkable  since 
K.  Credner  is  himself  a  champion  of  extreme  glacial  views.  He 
tells  us,  that  the  view  held  by  von  Eoenen  was  strongly  supported 
by  the  geologists  who  went  on  an  excursion  after  the  Geological 
Congress  at  Greisswald  in  1889.  They  noted  also  that  the  disloca- 
tions in  the  cliffs  north  and  south  of  the  Kiel  Brook,  formed  a  row 
of  parallel  ruptures  extending  from  SSE.  to  NNW.,  and  were 
accompanied  by  a  series  of  step-like  sinkings  of  the  intervening 
strata.  R.  Credner  adds,  that  during  his  own  numerous  excursions, 
and  especially  in  1890  and  1892,  when  he  spent  several  weeks  on  the 
island  of  Moen,  he  was  satisfied  of  the  justice  of  von  Koenen's  con- 
clusions, that  the  disruptions  were  due  to  the  forces  which  gave 
the  island  its  contour,  and  not  to  ice-action  at  all.  The  paper 
is  too  long  to  condense  here,  and  those  who  still  need  convincing 
had  better  turn  to  its  elaborate  descriptions,  arguments,  and  especially 
to  the  sections,  to  see  how  utterly  inadequate  ice,  in  any  form  we  know 
it,  would  be  to  bend  these  great  masses  of  chalk  into  reversed  folds, 
into  arches  and  synclinal  hollows,  and  to  do  so  frequently  when 
the  chalk  was  coated,  and  had  its  surface  therefore  padded,  with 
layers  of  soft  materials — sand,  clay,  etc.  Credner's  paper  has  not 
been  answered,  or  criticized  even ;  and  it  seems  to  me  not  only 
conclusive  in  itself,  but  to  be  a  very  eloquent  complement  to  the 
evidence  of  the  disturbed  chalk  of  Britain  presenting  the  same 
features  and  preaching  the  same  lesson. 

Let  us  now  revert  somewhat.  As  we  have  seen,  the  Geological 
Surveyors  in  East  Anglia  and  the  German  geologista  in  Denmark 
attribute  the  flexures  and  dislocations  of  the  chalk  to  the  same  period, 
namely,  that  in  which  the  boulder-clay  was  distributed.  This  is 
confirmed  when  we  turn  to  the  submerged  downs  of  the  North  Sea, 
over  all  of  which,  over  the  Dogger  Bank,  the  Goodwin  Sands,  the 
Haslow  Oyster  Bank,  the  Knole  Sand,  etc.,  numerous  remains  of 
mammoths  and  their  contemporaries  have  occurred.  This,  it  seems 
to  me,  can  only  be  explained  by  the  submergence  of  the  North  Sea 
being  subsequent  to  the  formation  of  the  land-surface  on  which  the 
mammoths  lived.  If,  as  some  have  held,  these  remains  found  under 
the  North  Sea  were  carried  down  by  the  Rhine  (another  of  the 
postulates  of  Uniformity  which  outrage  common-sense),  it  is  extra- 
ordinary that  they  should  occur  so  unweathered  and  unrubbed,  not 
in  the  hollows  where  the  river  may  have  flowed — if  it  then  existed, 
which  is  very  doubtful — but  along  the  ridges.  The  widely-spread 
area  of  the  North  Sea  where  the  unrolled  remains  occur,  and  the 
fact  that  they  are  so  often  found  on  the  submerged  ridges  and 
downs,  make  it  plain  that  we  have  to  do  here  with  a  wide  area 
which  has  been  recently  submerged. 

The  fact  of  these  bones  and  teeth  being  so  fresh  and  unweathered. 
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abows  U8  farther  that  the  suhmergenoe  was  not  gradual,  the  result 
of  oontinuous  cutting  baok  of  a  sea-ooast  hy  diurnal  causes,  but 
a  widespread  and  cataclysmic  one,  or  these  bones  would  not  be  found 
in  some  cases  articulated,  and  in  all  cases  with  their  finest  muscular 
attachments  intact,  but  would  be  rubbed  and  converted  into  a  kind 
of  bony  shingle. 

In  Uiis  behalf  I  should  like  to  quote  an  opinion  of  Murchison, 
now  perhaps  forgotten.  Referring  to  the  existence  of  mam- 
moth bones  in  a  submarine  forest  off  the  Norfolk  ooast,  he  said 
that  this  commixture  had  been  pointed  to  as  indicating  long  and 
slow  action.  He  viewed  it  as  evidence  of  sudden  movement. 
"When  examining  a  similar  submarine  forest,*'  he  says,  ''with 
the  trunks  of  trees  still  erect,  the  late  eminent  Dr.  Forchhammer, 
of  Copenhagen,  came  to  the  conclusion,  as  he  informed  me,  that 
the  movement  by  which  they  were  submerged  must  have  been 
sudden.  He  argued  that  the  rapid  immersion  of  the  trunks,  and 
their  having  been  quickly  surrounded  by  marine  mud,  could  alone 
have  preserved  them ;  for  if  the  trees  had  been  gradually  sinking 
at  the  rate  of  an  inch  or  two  in  a  year,  they  would  have  been 
entirely  decomposed  under  the  atmosphere  long  before  their  sub- 
mergence.*'    (**Siluria,"  ed.  6,  p.  491.) 

These  conclusions  are  further  confirmed  by  another,  for  which  I 
have  fought  very  hard  in  these  pages,  namely,  that  the  chalky  clay 
of  Eastern  England  is  shown,  by  every  case  where  the  evidence  is 
clear,  to  overlie  the  land-surface  on  which  the  mammoth  lived. 
Mr.  Horace  Woodward  has  quoted  some  cases  bringing  into  close 
chronological  sequence  the  destruction  of  the  mammoth  and  the 
disintegration  of  the  Chalk  of  Eastern  England.  Thus  he  quotes 
the  discovery,  about  the  middle  of  the  last  century,  of  "  part  of  the 
horn  and  palm  of  a  deer,  found  in  a  chalk-pit  at  a  village  called 
Baber,  four  miles  east  [west]  of  Norwich,  at  the  depth  of  16  feet,  and 
almost  converted  into  a  chalky  substance."  S.  Woodward  confirmed 
the  discovery  by  Arderon  of  deer's  horns  in  the  disturbed  chalk  at 
Whitlingham  and  Sprowston.  Arderon  describes  a  man's  skeleton  as 
having  occurred  in  the  same  bed.  Since  this  time,  says  Mr.  Horace 
Woodward,  Mr.  J.  W.  Ewing,  Mr.  Fitch,  and  Mr.  Bayfield  have 
brought  many  specimens,  including  shed  antlers,  under  the  notice 
of  the  Norwich  Geological  Society.  These  include  the  mammoth, 
the  red  deer,  and  another  species,  like  the  roe  deer;  while  the 
localities  of  Thorpe,  near  Norwich,  Hartford  Bridge,  Markshall,  and 
Eaton,  have  been  added  to  the  list. 

E.  primigemus  has  been  found  in  the  cutting  below  the  viaduct 
near  Hartford  Bridge,  and  in  chalk  rubble,  Norwich ;  while  antlers 
of  deer  have  been  found  at  Norwich,  Trowse  or  Lakenham,  Mark- 
shall,  Eaton,  and  Whitlingham.  On  March  4,  1868,  Mr.  J.  W. 
Ewing  exhibited  before  the  Norwich  Geological  Society  several 
portions  of  antlers  found  in  the  rubble  or  disturbed  chalk  in  his 
grounds  at  Eaton.  Mr.  Gunn  says  he  was  struck  with  the  marks 
of  cutting  and  abrasion,  by  some  blunt  instrument,  of  the  pedicle  of 
one  specimen  of  the  red  deer,  and  of  sawing  on  another.     A  stone 
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implemeDt  was  said  to  bave  been  fouDd  witb  tbe  bones  of  deer. 
(H.  B.  Woodward,  "Geology  of  the  Country  round  Norwich," 
pp.  137  and  188.) 

1  will  now  endeavour  to  sum  up  in  a  few  phrases  tbe  main 
oonclusions  which  seem  established  by  tbe  evidence. 

1.  Before  the  distribution  of  the  Drift,  the  Chalk  extending  from 
Norfolk,  Lincolnshire,  and  Yorkshire,  to  Scania,  in  Sweden,  was, 
so  far  as  we  can  judge,  a  perfectly  continuous  deposit,  neither  bent 
into  folds  nor  marked  by  conspicuous  alternations  of  valley  and  down. 

2.  This  great  stretch  of  more  or  less  level  chalk  was  overlain, 
either  completely  or  p&rtially,  by  beds  of  Eocene  age,  consisting  of 
variegated  clays  and  of  smoothed  and  rounded  flint  pebbles,  of 
which  considerable  remains  still  exist  under  the  Drift  in  East 
Anglia;  while  the  debris  of  those  which  have  been  denuded  and 
broken  up  now  form  the  shingle  beds  and  various  gravels  of  Easteiii 
England,  there  not  being  in  that  area,  so  far  as  we  know,  any  pebble 
gravels  wliose  constituent  pebbles  do  not  date  back  to  Tertiary  times. 

3.  Over  these  Eocene  beds  were  placed  the  Crags.  How  far  the 
Crag  beds  extended  over  the  bed  of  the  North  Sea,  we  do  not  know ; 
but  among  the  lumps  dredged  by  the  Southwold  fishermen  are 
several  of  the  White,  or  so-called  Coralline  Crag;  while,  as  is 
well  known,  in  more  than  one  place  in  the  North  Sea  area,  dead 
shells  of  later  Crag  age  have  been  dredged. 

4.  Over  these  Crag  beds,  again,  was  a  land-surface,  on  which  the 
mammoth  and  its  companions  roamed,  and  which  extended  from 
Denmark  to  Yorkshire.  We  have  no  evidence  to  show  that  the 
Bhine  flowed  through  this  now  submerged  land.  It  may  be,  on 
the  contrary,  that  its  drainage  was  entirely  reversed  and  that  it  then 
flowed  southwards. 

5.  The  beds  above  named,  from  the  Chalk  or  perhaps  the  Oolites 
upwards,  were  presently  affected  by  a  great  movement,  of  which 
other  examples  occur  in  geological  history,  by  which  they  were 
bent  and  moulded  into  a  succession  of  wolds  and  intervening 
valleys.  This  movement  led  to  their  very  considerable  dislocation 
and  disintegration,  and  to  the  denudation  of  large  areas,  such  as 
that  occupied  by  the  Fenlands ;  and  it  was  by  this  movement  that 
the  present  contour  of  Eastern  England,  of  the  bed  of  the  North 
Sea,  and  of  Denmark,  were  shaped. 

6.  The  products  of  this  disintegration,  in  the  shape  of  chalk- 
rubble,  were  subsequently  moulded  and  mixed  into  what  we 
know  as  the  Chalky  Clay,  which  was  afterwards  distributed  in 
its  present  form.  How  this  came  about,  1  may  be  able  to  show 
on  another  occasion.  This  view,  which  I  reached  independently, 
is  very  largely  the  same  conclusion  arrived  at  by  the  father  of  the 
Woodwards,  who  in  his  "  Geology  of  Norfolk,"  published  in  1833, 
says  that  **  the  elevations  in  the  neighbourhood  of  Cromer  originated 
in  the  disruption  of  the  Chalk  strata,  and  are  most  probably  of  the 
•ame  age  as  the  valleys.  The  natural  section  of  the  cliffs  shows, 
in  the  disrupted  chalk,  the  origin  of  the  Beacon  hill  at  Triming- 
luttn ;  and  to  the  westward  of  Cromer  is  seen  a  large  mass  of  chalk 
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at  tbe  tipper  part  of  the  cliff  in  a  perpendicular  position.  These 
are  beyond  a  doabt  effects  of  the  same  oaase.  On  the  lighthouse  hill 
at  Cromer  also,  the  chalk  is  forced  up  to  the  surface,  200  feet 
above  its  natural  level,  and  a  limekiln  is  worked  on  the  spot 
The  valleys  of  Norfolk  are  such  as  are  denominated  'valleys  of 
devatian ' ;  that  is,  they  were  formed  by  the  upheaving  of  the  chalk 
and  its  consequent  fracture.  This  is  demonstrated  by  the  agree- 
ment of  the  '  salient '  with  the  '  re-entering  angles '  of  their 
borders,  and  from  the  fact  of  the  layers  of  flint  in  the  chalk,  on  each 
side  of  the  valley,  being  found  to  decline  from  its  line  of  fracture." 
In  describing  the  general  results  of  his  inquiries,  S.  Woodward, 
inter  aUa,  urges  that  the  chalk  was  disrupted  subsequently  to  the 
period  when  the  great  mammals  lived  in  Norfolk,  when,  he  argues, 
this  country  was  separated  from  the  continent,  at  the  same  time 
forming  the  valleys  of  Eastern  Norfolk  and  the  drainage  of  the 
county.    {Op.  eit,,  pp.  6-9.) 

y. — Clats,    Shales,    and    Slates. 

By  W.  Maynahd  Hutckinos,  F.G.S. 

IN  pnrsuanoe  of  my  studies  of  clays,  shales,  and  slates,  I  have 
recently  been  examining  some  specimens  to  which  a  good  deal  of 
interest  attaches.  Some  of  them  are  Carboniferous  shales  from  deep 
collieries  in  South  Wales.  Another,  also  a  Carboniferous  shale,  is 
from  a  deep  boring  in  the  Isle  of  Man. 

The  object  in  view,  in  examining  these  specimens,  was,  in  the 
first  place,  to  see  how  far  they  agree  in  general  nature  and 
chemical  composition  with  the  very  numerous  Carboniferous  clays 
and  shales  which  I  have  investigated  from  other  districts.  In  the 
second  place,  it  was  desired  to  see  whether  these  shales  from 
considerable  depths  had  made  any  perceptibly  greater  advance 
towards  becoming  slates,  than  those  derived  from  points  very  much 
nearer  the  surface ;  whether  they  were  harder  and  more  compact ; 
and  whether  they  showed  a  corresponding  change  in  the  nature 
of  their  minerals,  or  of  the  arrangement  of  these  in  the  structure 
of  the  rock. 

As  regards  the  chemical  composition,  I  have  made  the  following 
analyses.  A  is  the  deepest  of  the  Welsh  shales,  from  1300  feet 
B  is  the  specimen  from  the  Isle  of  Man,  but  I  do  not  know  the 
exact  depth  from  which  it  was  taken. 

A.  B. 
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llie  analysis  A  shows  an  unusually  low  amount  of  iron,  but  with 
this  exception  the  composition  corresponds  pretty  closely  with 
similar  rather  quartzy  shales  from  other  coalfields,  as,  for  instance, 
with  No.  1  of  a  series  of  six  analyses  which  I  published  (Gkol. 
Mao.,  January,  1894:,  pp.  86  and  64)  of  fireclays  from  a  borehole 
at  Aspatria,  near  Carlisle.  Notably,  the  relative  proportions  of 
potash  and  soda,  the  great  excess  of  the  former,  are  here  maintained. 

The  analysis  B  shows  in  general  a  similar  composition,  but  this 
shale  contains  a  noticeable  amount  of  grains  of  a  carbonate  (probably 
of  lime,  magnesia,  and  iron)  more  than  I  have  seen  in  any  other 
Goal-measure  clay  or  shale.  Also,  the  excess  of  potash  over  soda  is 
less  than  is  usual  in  these  deposits.  I  am  not  aware  from  what 
exact  position  in  the  Carboniferous  beds  the  specimen  was  taken. 

The  Welsh  shale  is  a  decidedly  quartzy  and  coarse-grained  speci- 
men, as  compared  with  the  finest-grained,  hard  fireclays  from  the 
borehole  at  Aspatria  and  elsewhere.  It  still  shows  a  considerable 
amount  of  clastic  muscovite  in  good-sized  flakes,  and  here  and 
there  even  a  bit  of  not  yet  wholly  decayed  biotite  may  be  seen. 
These  Welsh  specimens  are  very  deeply  coloured  with  organic 
pigment,  which  makes  sections  of  them  very  opaque  and  bad  to 
examine,  in  comparison  with  the  much  less  pigmented  grey  shales 
and  clays  from  some  other  sources ;  but  the  general  nature  is  still 
easily  made  out,  being  the  same  as  in  the  other  cases.  There  are 
the  rutile-needles,  small  anatase  crystals,  and  other  minerals  as  usual, 
and  the  finest-grained  "base"  of  newly-formed  micaceous  material. 

The  same  remarks  apply  in  all  principal  respects  to  the  Isle  of 
Man  shale,  though  it  is  not  so  quartzy  as  the  Welsh  specimens,  and 
contains,  as  before  stated,  some  carbonates  disseminated  through  it 

So  far  as  concerns  the  physical  condition,  and  development  towards 
slates,  these  specimens  differ  only  from  those  previously  examined 
inasmuch  as  they  are  considerably  leas  advanced  than  many  which 
have  come  from  very  much  smaller  depths.  They  are,  in  fact,  just 
very  hard  clays;  they  can  easily  be  cut  with  a  knife,  and  when 
ground  with  water  they  are  quite  plastic.  They  have,  in  fact,  not 
made  any  advance  at  all  beyond  that  of  the  considerable  chemical 
changes  and  the  very  moderate  physical  progress  which  is  common 
to  all  the  clays  and  shales  of  the  normal  Carboniferous  beds ;  and 
it  does  not  appear  that  we  can  look  for  any  gradually  higher  stages, 
among  these  deposits,  to  assist  us  to  bridge  over  the  interval  between 
soft  shales  and  well-developed  slates,  or  to  understand  what  it  is 
which  takes  place  in  them  during  the  passage  through  the  inter- 
mediate stages. 

Such  fully -developed  slates  we  can  only  study,  in  this  country  at 
least,  among  the  older  formations,  with  the  exception,  possibly, 
of  certain  local  occurrences  in  the  Culm  of  North  Cornwall,  etc 
In  other  regions  highly -developed  slates  are  found  among  rocks 
younger  than  the  Carboniferous.  It  is  not,  by  any  means,  simply  a 
question  of  geological  age. 

In  considering  these  higher  phases  of  **  slates,"  as  contrasted  with 
soft  shales  and  indurated  clays,  it  is  not  so  much  the  mechanical 
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qnestion  of  oleavage,  eto.,  whioh  is  of  interest,  as  the  mineralogical 
nature  and  inner  structure. 

In  the  rooks  we  oall ''  slates  "  we  are  aooustomed  to  see  a  more  or 
less  high  degree  of  cleavage,  and,  indeed,  to  commonly  more  or  less 
associate  this  development  of  fissility  with  the  very  name.  But  with 
this  cleavage  we  usually  find  that  other  changes  have  heen  hrought 
ahout,  which  are  petrologically  of  far  greater  interest  and  importance, 
— great  alterations  in  the  component  minerals  and  in  their  arrange- 
ment in  the  rock. 

We  know  that  the  development  of  cleavage  is  a  purely  mechanical 
affair,  which  may  he  brought  about  in  any  fine-grained  rock, 
sedimentary  or  otherwise,  by  pressure.  In  dealing  petrologically 
with  **  slates,"  we  are  not  tied  to  this  quality  of  cleavage.  We  can 
Lave  bodies  of  sedimentary  rock  around  igneous  masses,  which  have 
bad  their  former  cleavage  obliterated  by  the  effects  of  the  intrusion 
of  these  masses,  but  whioh  we  must  still  call  slates.  And  we 
may  have  beds  of  soft  shales,  converted  by  such  igneous  masses 
direct  into  contact-rocks  without  any  cleavage  at  all;  which  are 
mineralogically  and  structurally  slates,  and  to  which  we  could  not 
at  present  conveniently  apply  any  other  name. 

It  is  just  these  mineralogical  and  structural  developments  of  the 
deposits,  whioh  accompany  the  change  into  slates,  which  are  of  so 
much  interest  fur  us  to  endeavour  to  follow  out ;  to  find,  if  possible, 
the  different  causes  to  whioh  we  must  attribute  the  variations  in 
tliese  developments,  both  in  kind  and  in  degree,  which  become 
apparent  to  us  when  we  study  sufSoient  examples  of  slates,  or  going 
further  forward,  of  phyllites  and  schists. 

It  may  be  as  well  to  take  a  general  review  of  the  subject  of  the 
origin  and  development  of  the  deposits  from  whioh  our  normal 
sedimentary  slates,  and  allied  rocks,  may  be  traced ;  and  to  take 
stock  of  such  facts  concerning  this  development  as  seem,  on 
mioroscopical,  chemical,  and  general  evidence,  to  be  either  fairly 
demonstrated  or  rendered  highly  probable. 

In  the  first  place,  then,  all  the  evidence  we  can  gather  appears  to 
justify  the  belief  that  the  great  bulk  of  these  slates  is  derived  from 
the  sediments  consisting  of  the  waste  of  vastly  older  granitic  and 
gneissic  rocks,  and  that  in  the  indurated  clays  and  soft  shales  of 
the  Carboniferous  beds  we  have  a  series  of  closely  similar  deposits, 
of  like  origin,  preserved  for  us  in  a  relatively  early  stage  of  their 
history.  Any  observations,  therefore,  which  we  can  make  on  these 
Carboniferous  deposits,  will  assist  us  to  a  general  understanding  of 
the  progress  of  all  such  sediments  into  slates,  and  of  the  alterations 
which  these,  again,  may  undergo  at  later  stages  of  their  existence. 

If  we  take  for  our  study  mainly  the  finer-grained  parts  of  these 
deposits,  we  shall  best  arrive  at  the  desired  conclusions ;  because 
any  increase  in  coarseness  of  grain  simply  leads  on  to  the  more 
quartzy  slates  and  grits,  and  finally  to  the  argillaceous  sandstones; 
in  all  of  which  rocks  the  original  nature  and  subsequent  changes 
of  the  finer  argillaceous  portion  of  the  materials  are  the  main  j^uints 
to  be  considered. 
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It  has  been  shown  that  chemically  such  days  and  shales  are  very 
exact  counterparts  of  quite  typical  clay-slates  and  phyllites.  If  we 
compare  the  average  analysis  of  a  series  of  the  one,  with  that  of 
a  series  of  the  other,  we  cannot  point  out  any  marked,  or  in  any 
way  essential,  difference  whatever,  excepting  that  the  oombined 
wat«r  in  the  slates  is  less  than  in  the  days  and  shales. 

Again,  a  minute  examination  of  these  clays  and  shales  under 
the  microscope,  in  thin  sections  and  in  the  products  of  fractional 
levigation,  has  led  to  the  conclusion  that  mineralogioally,  also,  there 
is  a  great  resemblance  to  the  slates,  inasmuch  as  they  consist 
mainly  of  a  micaceous  mineral.  And  a  careful  study  of  this 
micaceous  mineral,  combined  with  the  fact  that  in  these  finer 
portions  of  such  deposits  there  is  a  disappearance  of  all  the  felspar, 
practically  all  the  biotite,  and  a  large  part  of  the  original  clastio 
white  mica  (all  of  which  can  be  proved  to  be  in  abundance  in  the 
accompanying  coarser  beds),  leads  to  the  recognition  of  the  nature 
of  this  micaceous  mineral  as  a  new  formation  in  the  clays  and 
shales,  since  they  were  deposited. 

In  comparing  such  clays  and  shales  with  most  slates  and  phyllites 
there  is,  however,  one  difference  to  note,  and  it  is  a  matter  of  much 
importance  in  following  out  the  history  of  such  beds.  It  consists  in 
the  fact  that  whereas  in  the  slates  and  phyllites  the  micaoeous  mineral 
is  accompanied  by  a  good  deal  of  a  chloritic  substance,  with  which  it 
is  more  or  less  intimately  interwoven,  we  do  not  see  this  in  the  clays 
and  shales. 

It  was  pointed  out  in  an  earlier  paper  (Gkol.  Mao.,  Jane  and 
July,  1890)  that  chlorite  does  not  result  from  the  decomposition  of 
brown  mica  in  these  deposits.  A  certain  small  amount  of  it  may  be 
seen  in  them,  especially  in  the  rather  coarser  portions,  but  it  is  easily 
recognized  as  clastic,  and  is  doubtless  due  to  the  decay  of  biotite  in 
the  original  rocks  whose  waste  has  supplied  the  material  for  these 
beds.  In  the  processes  of  chemical  interaction  which  have  taken 
place  in  these  early  clays  and  shales,  chlorite  has  not  been  formed; 
and  we  are  justified  by  all  that  we  can  ascertain,  chemically  and 
microscopically,  in  concluding  that  the  micaceous  mineral  which 
does  result  contains  within  it  those  components — magnesia,  ferrous 
and  ferric  oxides,  alumina — which  would  be  capable  of  combining 
with  silica  on  their  own  account  to  yield  a  chlorite.  We  have,  m 
fact,  in  these  clays  and  shales  a  micaceous  mineral  which  is  very 
complex  in  its  nature,  is  highly  hydrated,  and  does  not  correspond  to 
any  definite  species  of  mica.  It  is  of  a  pale-green,  or  yellow-green 
to  yellow  colour,  and  does  not  polarize  quite  as  vividly  as  do  minute 
flakes  of  muscovite. 

In  the  beds  of  the  Coal-measures  in  undisturbed  bands  (not 
connected  directly  with  coal-seams),  suitable  sections  of  clays  and 
shales  show  that  the  micaceous  mineral  is  very  nearly  all  flat  in  one 
plane  ;  but  in  some  of  the  more  indurated,  and  what  might  be  called 
more  advanced,  samples  examined  this  is  not  so  completely  the  case. 
The  great  bulk  of  it  is  still  flat  in  one  plane,  in  which  it  gives,  in 
polarized  light,  a  dim  speckled  field ;  but  this  field  is  crossed  by 
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little  Teins  and  strings  and  wider  bands,  highly  inclined  or  even 
vertioal  to  this  plane,  of  a  minutely-felted  and  wavy  mass  of  flakes 
of  the  same  or  a  similar  mineral,  but  obviously  in  a  more  developed 
stage.  There  is  no  mistaking  that  these  veins  and  bands  have  been 
formed  later  than  the  main  mass  seen  in  the  section,  and  that 
they  represent  a  further  development  and  crystallization  of  a 
niicaoeous  mineral  which  is  still  in  general  nature  and  appearance 
the  same  as  the  main  mass,  though  with  crossed  nicols  it  shows 
more  vivid  tint-s ;  and  the  peculiar  felted  and  wavy  structure  of  the 
little  veins  is  very  noticeable. 

If  we  now  pass  at  once  to  the  consideration  of  what  we  may  call 
fully-developed  slates  of  Silurian  or  Cambrian  age,  limiting  ourselves 
for  the  present  to  oocurrences  concerning  which  there  is  no  evidence 
that  they  have  ever  been  affected  by  igneous  intrusions ;  and  if  we 
compare  these  rocks  with  the  clays  and  shales  we  have  just  left, 
we  find,  as  before  pointed  out,  only  one  chemical  difference,  viz. 
the  decrease  in  the  amount  of  combined  water.  But  careful  minera- 
logical  study  of  the  slates  with  the  microscope  results  in  our  being 
able  to  note  two  main  points  of  variation  between  them  and  the 
clays  and  shales.  The  degree  of  these  differences  varies  very  much, 
as  the  exact  condition  of  the  slates  varies  in  different  occurrences, 
but  in  nearly  all  cases  we  can  see  the  points  in  question.  There  is 
a  higher  development  of  the  micaceous  mineral,  and  concurrently 
there  is  the  separation  in  the  rock  of  a  chloritic  substance,  to  which 
reference  was  made  above. 

By  higher  development  of  the  micaceous  mineral  is  meant,  not 
only  a  development  in  size,  for  this  is  sometimes  not  at  all  striking, 
but  an  advance  towards  the  nature  of  muscooiie,  often  with  a  notice- 
able clarification  as  to  colour,  and  increase  in  the  vividness  of 
polarization- ti  nts. 

The  chloritic  mineral  which  has  been  formed  at  the  same  time 
is  very  intimately  interwoven  into  the  texture  of  the  rock.  Often 
it  is  mainly  in  minute  mixture  with  the  mica,  flake  for  flake  as 
it  were,  but  usually  this  form  of  occurrence  is  accompanied  by 
the  formation  of  streaks  and  lentioles  of  chlorite,  in  which  mica 
is  seen  to  a  much  less  extent,  or  from  which  it  is  even  absent. 

It  seems  quite  evident  that  what  has  taken  place  in  the  rock 
during  its  progress  from  a  clay  or  shale,  has  consisted  mainly  in 
this  further  development  and  crystallization  of  the  micaceous 
mineral,  during  which  it  has  rejected  some  of  the  components  of 
the  original  more  complex  combination,  which  components  have 
then  given  rise  to  the  formation  of  the  new  chloritic  mineral. 

This  chloritic  mineral  varies  in  its  nature  and  appearance  according 
to  the  chemical  composition  of  the  rock  in  question,  the  principal 
condition  being,  apparently,  the  amount  of  iron  present,  and  more 
especially  that  portion  of  it  which  is  in  the  form  of  ferrous  oxide. 
Thus,  sometimes  the  mineral  is  dark  green  and  very  dichroio,  with 
decided  "  polarization  " — is,  in  fact,  chlorite,  and  can  be  proved  to 
be  such, — while  in  other  cases  it  is  very  pale  in  colour  and  optically 
very  faint ;  and  in  some  few  rocks  it  is,  in  the  thin  sections  used^ 
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quite  colourless  and  optically  inert  For  convenience  we  will  spenk 
of  it  in  all  cases  as  '^  chloritio,"  without  attempting  to  specify  its 
exact  nature  and  composition. 

It  is  often  difficult  to  make  out  how  much  of  this  substance  is 
present,  even  when  it  is  of  a  decided  green  colour,  because  of  its 
very  intimate  intermixture  and  the  smallness  of  some  of  its  flakes ; 
and  when  it  is  verging  on  colourless  it  is  even  difficult  to  detect  it  at 
all  in  ordinary  sections.  But  for  the  study  of  this  class  of  rock  it  is 
of  very  great  use  to  take  specimens,  of  suitable  size  for  cutting 
sections,  and  heat  them  to  dull  redness  for  some  time.  This  dehy- 
drates the  chloritic  mineral,  and  when  it  is  of  green  colour  leaves  it 
with  more  or  less  deep  shades  of  brown  or  of  red,  in  which  condition 
it  can  be  easily  detected,  even  in  a  most  minute  and  intimate  state  of 
subdivision.  And  even  when  it  is  nearly  or  quite  colourless,  it  is 
thus  rendered  more  opaque,  becomes  tinted,  and  can  be  seen  where 
it  was  previously  invisible.  Sections  made  from  these  dehydrated 
specimens  are,,  therefore,  of  the  greatest  value  when  used  in  con- 
junction with  those  of  the  normal  rock.^ 

They  show,  too,  another  useful  and  interesting  point  The  more 
impure  and  less  developed  mica  is  also  afifected  by  dehydration  and 
by  the  oxidation  of  the  iron  it  contains,  taking  on  colours  which 
range  from  yellow  to  various  shades  of  brown,  and  even  to  good 
strong  red,  according  to  the  degree  and  nature  of  impunty. 
Where  these  colours  are  sufficiently  deep,  they  destroy  the  optio 
characteristics  of  the  mica ;  but  even  when  they  are  only  very 
pale  it  is  seen  that  such  mica,  after  heating,  is  much  less  active  in 
polarized  light  than  when  in  the  normal  state.  Thus  the  micaceous 
mineral  is  more  or  less  afifected  according  as  it  is  more  or  less 
developed  towards  muscovite,  which  is  not  so  altered  by  moderate 
ignition,  its  colour  and  polarization-tints  being  not  perceptibly 
influenced.  In  this  manner  we  are  enabled  to  make  verv  instructive 
comparisons  between  slates  in  various  stages  of  evolution. 

It  is  of  interest  to  note  that  this  test  applies  also  to  the  new 
mic€U)eous  mineral  of  the  clays  and  shales.  I  described  (Geol.  Mao., 
April,  1891)  the  results  of  some  very  careful  levigations  carried  out 
on  a  typical  ''fireclay,"  and  stated  that,  in  the  finest  parts  of  the 
products  obtained,  a  considerable  proportion  consisted  of  very  minute 
flakes  of  a  pale  yellowish  or  greenish  mineral,  most  of  which  could 
only  be  well  seen  when  mounted  in  water.  I  consider  that  this 
portion  of  the  products  largely  represents  the  new  mineral  formed  in 
the  clays  and  shales  in  question. 

If  it  be  heated  to  redness,  and  then  mounted  in  balsam  in  the 

^  There  is  no  harm  in  here  reiterating  a  caution  as  to  the  necessity  of  very  thin 
sections,  this  being  especially  important  for  those  cut  from  dehydrated  specimens. 
Personally,  I  have  never  seen  any  made  by  English  cutters  which  are  of  the  least 
value  for  studying  this  class  of  rocks.  It  is  decidedly  a  case  of  things  **made  in 
Germany"  being  better !  The  vagueness  and  indistinctness  of  many  descriptions 
given  01  slates,  etc.,  are  well  accounted  for  when  one  sees  the  sort  oi  paving-slabs 
which  have  often  done  duty  as  **  thin  sections,"  and  when  one  sees  them  mounted  on 
such  thick  glasses,  and  covered  with  such  thick  covers,  that  no  use  of  higher  powers 
or  proper  iUimiination  is  possible. 
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manner  deaoribed  in  the  paper  referred  to,  it  is  seen  to  have  taken 
on  quite  a  reddish  tinge,  to  be  more  opaque,  and  quite  easily  seen 
even  in  its  minutest  flakelets. 

I  have  endeavoured  to  ascertain  something  as  to  the  chemical  com- 
position of  this  new  micaceous  mineral  in  clajs  and  shales ;  but,  for 
obvious  reasons,  it  is  a  rather  unsatisfactory  task.  I  took  the  two 
finest  portions,  called  A  and  B  in  my  former  description  of  these 
levigations,  made  one  sample  of  them,  and  carefully  determined  in  it 
the  percentage  of  several  of  the  constituent  bases. 

In  these  finest  slimes  there  takes  place  a  concentration,  not  only  of 
the  new  micaceous  mineral,  but  also  of  a  large  proportion  of  the 
rntile-needles,  anatase  crystals,  and  ilmenite-flakes  of  the  original 
material ;  also  of  a  certain  amount  of  epidote  in  small  grains  and 
crystals,  some  very  fine  quartz-powder,  and  the  bulk  of  the  organic 
matter  of  the  fireclay.  One  can  only  make  a  rough  estimate  as  to 
the  quantity  of  these  things  which  may  be  present  in  the  levigated 
slimes,  but,  after  much  examination,  I  consider  that  it  is  safe  to  say 
that  there  is  25  per  cent  of  material  other  than  the  micaceous 
mineral. 

Making  an  increase,  in  this  proportion,  in  the  actual  figures  found 
by  analysis,  the  micaceous  mineral  will  contain — 

per  cent. 
Potash        4-62 

OvIUoa       •••  •••  •••  ..•  •••  •.•  XXO 

Magnesia 2*94 

Alumina     32*31 

A  small  portion  of  the  alumina  will  be  due  to  epidote,  to  which 
mineral  we  nmy  also  ascribe  most  of  the  lime  present  in  the  material 
(0*90  per  oent.}. 

If  we  take  the  figures  for  the  alkalies  and  magnesia,  and  approxi- 
mately for  the  alumina,  and  if  we  consider  that  with  them  must  also 
be  included  a  good  deal  of  ferrous  oxide,  some  ferric  oxide,  and 
several  per  cent,  of  water,  we  get  as  near  an  idea  of  the  constitution 
of  the  bases  of  this  complex  micaceous  mineral  as  the  conditions  of 
the  case  allow  us  to  obtain;  and  we  see  how  it  is  that  such  a 
substance,  under  other  conditions,  gives  rise  to  a  mixture  of  a  mica, 
more  or  less  developed  to  muscovite,  and  of  cbloritic  minerals. 

We  get  this  crystalline  development  of  slates,  as  before  remarked, 
in  very  varying  degrees,  and  there  are  rocks  of  this  class,  of  which 
the  actual  condition  is  at  present  universally  accepted  as  being  due 
to  **  regional "  metamorphism  only,  in  which  the  mica  has  really, 
so  far  as  can  be  made  out,  become  all  muscovite,^ 

If,  now,  we   look   at   slates  in  the   neighbourhood  of  intrusive 

*  It  may  very  likely  be  the  case  that  in  some  slates,  in  which  a  lar^^er 
proportioii  of  sooa  than  nsual  is  present,  the  mica  formed  is  largely  paragonite. 
And  in  other  cases  there  may  be  a  mixture  of  muscovite  and  paragonite,  or  some 
mica  may  result  which  is  chemically  intermediate  between  the  two.  It  would  rarely 
be  possiole  to  make  quite  sure  of  this ;  but  in  any  case  the  exact  nature  of  this 
regenerated  mica  would  not  affect  the  considerations  involved,  and  for  convenience 
we  may  speak  ol  it  in  general  as  muscovite. 
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igneous  masses,  we  find  that  here,  too,  a  development  of  the  mica 
and  a  separation  of  chloritic  matter  have  taken  plaoe,  with  a  more  or 
less  considerable  advance  in  the  crystalline  structure  of  the  rock, 
up  to  very  high  stages  indeed,  even  when  none  of  the  special 
'*  contact  minerals  "  are  yet  formed. 

The  consideration  of  these  different  cases  brings  us  face  to  face 
with  the  most  interesting,  and  as  yet  quite  unsolved  problem,  as  to 
how  far  such  rock-development  can  be  shown  to  go  without  calling 
in  the  aid  of  **  contact-metamorphism," — the  only  agency  of  which 
we  really  know  that  it  is  capable  of  carrying  the  crystalline  develop- 
ment of  these  sedimentary  rocks  to  its  highest  degree.  There  are 
three  agencies  by  which  we  may  assume  that  such  crystalline  slates 
or  phyllites  may  be  produced,  and  in  many  cases  we  may  have  very 
little  or  no  direct  proof  or  evidence  as  to  which  of  them  has  been  the 
cause.  These  three  agencies  are  dynamic  action,  contact- action,  and 
finally  another  action  which  is  neither  dynamic  nor  contact,  but  is 
simply  due  to  long-continued  submission  to  depth-temperature  and 
pressure  in  deeply-buried  sediments. 

As  regards  the  first  of  these  agencies,  the  dynamic,  it  is,  perhaps, 
really  not  at  all  possible  to  consider  it  alone.  In  all  rooks  which 
have  been  subjected  to  it,  we  must  take  into  the  question  the 
amount  of  influence  which  the  third  agency  has  possibly  exerted, 
both  previously  to,  and  concurrently  with,  the  actual  dynamic 
action. 

Then,  again,  contact-action  will  often  be  due,  and  in  its  most 
striking  developments  will  probably  always  be  due,  to  the  effects 
of  intrusions  on  rocks  which  have  already  been  a  long  time  under 
the  influence  of  more  or  less  considerable  depth-conditions,  and 
which  have  undergone  whatever  changes  these  conditions  may  be 
capable  of  causing  in  them. 

No  problem  of  petrology  is  of  deeper  and  wider  interest  than  that 
involved  in  the  question  here  concerned  ;  none  demands  more 
careful  study  or  more  freedom  from  hasty  bias ;  and  none  has  been 
more  prejudiced  by  immense  and  authoritative  generalizations  on 
insufficient  data. 

One  point,  I  think,  is  worthy  to  be  insisted  upon.  It  is  of  the 
greatest  importance  that  investigation  of  the  higher  phases  of 
development  of  these  rocks  should  be  based,  first  of  all,  upon  a 
minute  study  of  the  lower  forms  of  them  in  clays  and  shales,  so  as 
to  understand  as  fully  as  possible  what  it  is  from  which  the 
evolution  starts;  what  is  the  condition,  chemically  and  mineralogi- 
cally,  into  which  the  sediments  have  passed  at  the  earliest  stage 
of  their  history  at  which  we  can  begin  to  regard  them  as  having 
become  rock-bodies  at  all. 

Taking,  firstly,  dynamic  action  (but  bearing  in  mind  what  has 
just  been  said  as  to  its  probable  association  in  all  cases  with  other 
influences),  the  tendency  has  been,  among  many  geologists,  to  accept 
it  as  capable  of  causing  almost  anything  in  the  way  of  crystallization 
and  regeneration  of  sedimentary  materials.  It  has  even  been  made 
to  include,  as  it  were,  other  agencies  within  it,  oontaot-metamorphism 
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having  been  explained  as  due  simply  to  the  dynamic  effects  which 
have  accompanied  igneous  intrusions.  This  may  perhaps  be 
regarded  as  the  high- water  mark  of  enthusiasm  in  this  directioni 
and  would  find  but  few  followers  now,  extreme  views  as  to  dynamic 
metamorphism  being  apparently  much  less  in  favour  than  they  were 
a  short  time  since,  and  many  of  us  who  were  to  a  considerable 
extent  believers  having  become  rather  more  sceptical. 

But  dogmatic  opinion  in  an  opposite  direction  is  quite  as  much  to 
he  deprecated.  It  is  always  desirable  to  bear  in  mind  that  though  we 
may  have  to  consider  any  number  of  cases  of  highly-developed 
crystalline  slates,  phyllites,  and  schists,  demonstrably  derived  from 
sedimentary  deposits,  and  equally  demonstrably  afieoted  in  a  high 
degree  by  dynamic  action,  we  are  not  yet,  therefore,  in  a  position  to 
assert  that  the  crystalline  and  mineralogical  development  of  those 
rocks  is  caused  by  this  dynamic  action.  It  may  conceivably  he  due 
to  the  contact-action  of  concealed  igneous  masses,  or  it  may  be  due  to 
the  other  agency  which  we  are  considering.  The  dynamic  action 
may  have  accompanied  either  of  these,  and  possibly  assisted  them, 
but  may  have  had  really  very  little,  if  any,  share  in  the  causation 
of  the  efifects  with  which  we  are  now  concerned.  And  on  the  other 
hand,  it  is  perhaps  still  more  important  to  give  due  weight  to  the 
evidence  of  those  cases  in  which  we  have  dynamic  action  of  the 
most  intense  description,  and  yet  find  that  the  rocks  so  affected, 
while  chemically  and  mineralogically  closely  resembling  those  just 
considered,  are  very  much  less  developed,  and  have,  indeed,  in  this 
special  direction  very  little  to  show  for  the  work  done  on  them. 

{To  be  continued  in  our  next  Number.) 

VI. — Arcbjeodiadbma,  a  New  Genus  of  Ltassio  Echinoidea. 

By  J.  W.  Gregory,  D.Sc,  F.G.S. 

OWING  to  the  absence  from  England  of  any  marine  fossils  of 
Triassic  age — except  the  few  obscure  shells  described  by  Mr. 
R.  B.  Newton* — the  Lias  yields  the  first  English  representatives  of 
the  Neozoic  Echinoidea.  The  fauna  is  not  rich  in  S2)ecies,  and  as 
a  rule  the  specimens  are  small ;  but  it  is  of  interest,  as  its  members 
are  primitive  in  character,  and  as  they  foreshadow  many  of  the  main 
lines  of  evolution  followed  by  the  rich  Echinoid  faunas  of  the  Oolites. 
Some  months  ago  Mr.  Beeby  Thompson  showed  me  some  specimens 
from  the  Upper  Lias  of  Northamptonshire,  which  form  an  interesting 
addition  to  the  primitive  types  of  Liassic  Echinoidea ;  they  belong 
to  a  new  genus,  which  is  the  simplest  known  form  of  the  Diadema- 
tinse,  and  occupies  the  same  relation  to  the  remaining  members  of 
that  subfamily  that  Eodtadema  occupies  to  the  Orthopsinse. 

Abob^odiadema,  nov.  gen. 

Diagnosis.  —  DiadematidsB  Diadematinss '  with  the  following 
characters : — 

*  R.  B.  Newton,  **  Not«  on  some  Molluscan  Remains  lately  discovered  in  the 
English  Keuper":  Journ.  Conch.,  vol.  vii,  Nos.  11  and  12,  1894-5,  pp.  408-13. 

*  P.  M.  Duncan,  *'  Revision  of  the  Genera  and  Great  Groups  of  the  Echinoidea  '*  : 
Journ.  Linn.  Soc.,  toI.  xxiii,  1890,  pp.  58-9. 


S  Dr.  J.  W.  6regory—A  nea  Liaatie  Echimid. 

Tt»l  small,  tarban-Bbaped. 

Apical  $gttem  Itirgfi,  area  equal  in  width  b>  half  the  diameter  of 
the  test ;  arraagement  of  plates  unknowa. 

Ambulacra  of  aimple,  primary  plates  near  apical  area ;  of  com- 
pound plates  formed  by  union  of  throe  primary  plates  at 
ambitus.  The  pore-paira  are  in  a  straight,  single  series. 
Ornamented  by  granules  and  a  small  primary  tubercle  on 
some  of  the  ambital  plates ;  the  primary  tubercles  are 
perforate  and  n  on -ere  nu  late. 

lattrambwiaera  of  plates  wljiob,  in  comparison  with  the  size  of 
the  teat,  are  high  and  large ;  the  plates  are  anituberoulate, 
each  bearing  a  single,  primary  tuberole,  which  is  perforate 
and  Doa-orenulate. 


o 


Distribution. — Lias :  England. 

Ttpk  Spsgibs. — A.  Tkomp$oni,  n.sp. 

Affinities. — This  genus  is  bnaed  on  some  small  but  admirably 
preserved  epeoimens  from  the  Upper  Lias  of  Higham  Ferrers,  iu 
Morthamptonsliire.  They  were  collected  by  that  indefatigable  worker 
on  the  Midland  Lias,  Mr.  Beeby  Thompson,  F.G.S.,  by  whom  they 
have  been  presented  to  the  British  Museum. 

It  is  clearly  a  member  of  the  family  Diadematidse  as  defined  by 
Duncan.  Of  the  four  subfamilies  of  that  great  group,  it  differs  from 
the  Orthopsiiiee  by  having  compound  plates  in  the  ambulacra,  and 
from  the  Diplopodinte  and  Pedininae  by  having  the  pore-pnirs  in 
simple  vertical  series,  instead  of  their  being  biserial  or  triserial. 
TIte  specimens  agree,  on  the  other  hand,  in  all  points  with  the 
Diadematinffi,  Among  this  subfamily  the  new  genua  is  most  nearly 
allied  to  the  genus  Diademoptia,  from  which  it  differs  by  two 
characters :  1st,  the  pores  in  Diademoptit  are  either  crowded  or  occur 
in  arcs  near  the  peristome  ;  2ud,  the  interambulaoral  plates  in  the 
same  genus  are  lower  and  broader,  and  each  bears  two  primary 
tubercles,  which  are  lower  and  smaller  than  those  of  this  new  form. 
It  differs  from  Hemipedina  by  the  same  characters,  for  the  intimate 
affinity  between  tbia  genus  and  JJi'aJemojiiia is  nowgenerally  admitted. 
In  some  respects  ArchiBodiodema  resembles  Microdiadema,  Cotteau, 
from  which,  however,  it  differs  by  three  very  definite  characters : 
1st,  the  apical  area  is  equal  to  half  the  diameter  of  the  test,  instead 
of  about  one-fifth  of  the  diameter ;  2ad,  the  tubercles  are  perforate 
and  oon-orenulete,  instead  of  perforate  and  crenulate ;  3rd,  there  is 


Dugald  Bell^Notes  on  Glen  Boy.  319 

one  row  of  primary  taberoles  in  each  series  of  interambulaoral  plates, 
instead  of  several  series. 

The  only  Ecbinoid  known  to  me,  in  addition  to  the  type  species, 
which  may  be  referable  to  this  genus  is  one  figured  by  Quenstedt^  as 
Eckinopais  nattheimenMta,  which  Desor  and  De  Loriol-Lefort '  have 
refigored  as  a  Hemipedina,  The  figure  of  the  latter  authors  shows 
the  pore-pairs  in  a  single  series  to  the  peristome,  and  if  this  be  the 
case,  then  the  species  must  enter  the  new  genus.  But  these  authors 
also  showed  some  species,  such  as  Hemipedina  elegane  (Des.),  with 
the  same  character ;  and  these,  according  to  the  more  detailed  figures 
of  Cotteau,'  have  the  normal  arrangement  of  Hemipedina. 

The  small  size  and  primitive  characters  of  the  specimens  render  it 
necessary  to  consider  whether  they  are  only  young  Diademopaia  ;  but 
the  specimens  seem  to  be  fairly  abundant,  and  yet  are  generally  of 
about  the  same  size ;  the  whole  appearance  of  the  Echinoids  suggests 
that  they  are  adult 

Abohjeodiadbma  Thompsoni,  n.sp.     (See  Woodcut,  p.  318.) 
Diagnosis. — Teat  small,  turban-shaped  ;   sides   tumid ;    abactinal 
half  depressed  ;  actinal  half  somewhat  conical ;  circular. 

Apical  ayaiem  large,  regularly  pentagonal ;  arrangement  unknown. 
Ambulacra  narrow,  inconspicuous.    About  four  fair-sized  primary 
tubercles  in  a  vertical  row  on  the  ambitus;  these  gradually 
decrease  into  small  secondary  tubercles  above  and  below. 
Interambulacra  of  vertical  series  of  from  six  to  nine  plates  ;  the 
scrobicular  circles  are  complete  above,  but  incomplete  at  the 
ambitus.     There  is  one  row  of  primary  tubercles,  and  the 
number  of  granules  is  small ;  these  mainly  occur  in  a  band 
down  the  middle  of  interambulacrum. 
Peristome  large,  circular,  with  conspicuous  branchial  slits. 
Dimensions. —  Diameter,    6  mm. ;    height,    3  mm. ;    diameter    of 
apical  area,  3  mm. ;  diameter  of  peristome,  3  mm. ;    width  of  ambu- 
lacrum at  ambitus,  1mm.;    width  of  interambulacrum  at  ambitus, 
3  mm. ;  number  of  primary  ambulaoral  plates  in  vertical  series,  19  ; 
number  of  interambulaoral  plates  in  vertical  series,  7. 

DiSTKiBUTioN. — Cerithium  beds  or  Lower  Leda  ovum  beds  *  of  Upper 
Lias :  Higham  Ferrers,  Northamptonshire. — British  Museum  Coll. 
Presented  by  Beeby  Thompson,  Esq.,  F.G.S. 

VIL — Notes  on  Professor  Bonnet's  "Joe- Work."— Glen  Rot. 

By  DuoALD  Bell,  F.G.S. 

BESIDES  his  numerous  papers  intended  for  experts  in  geological 
science,    Professor    Bonney   is    to   be   congratulated    on    the 
lengthening    list    of   his    more   popular   writings   on   the   subject. 

>  Quenitedt,    "Handb.  d.  Petref.,"   1852,  p.  682,   pi.   xlix,  fig.  37;   also  in 
"Petref.  Deatsch.,"  Bd.  iu,  1874,  p.  349,  pi.  Ixxiv,  figs.  10,  11. 
»  Derorand  De  Loriol,  "Echinol.  helv^t.,"  1871,  p.  194,  pi.  ixxiii,  fig.  3. 

*  Cotteaa,  "Pal.  fraii9.  Terr,  jurasa.,'*  t.  x,  pt.  2;  *•  Echinides  reguliers,*' 
livr.  ii,  1888,  pi.  cccxciii. 

*  Beeby  Thompson,  **  The  Upper  Lias  of  Northamptonshire,"  part  vi :  Joum. 
Northampton  Nat.  Hist.  Field  Club,  vol.  t,  1888,  p.  54 ;  the  section  is  described 
on  p.  63. 
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A  general  notice  of  his  recently-pnblished  volume  on  "  Ice- Work  " 
has  already  appeared  in  these  pages.^  The  present  writer  desires, 
with  all  respect,  to  add  a  few  notes  on  some  points  in  which 
Scottish  readers  are  more  particularly  interested. 

In  his  preface,  the  author  states  that,  in  this  book,  he  has 
'^  endeavoured  to  follow  the  example  of  a  judge  rather  than  of  an 
advocate;  that  is,  to  sum  up  the  evidence  on  each  side  of  a  case, 
and  leave  the  verdict  to  the  jury."  He  admits  that,  "  like  any  such 
official,"  he  has  his  *'own  view  as  to  what  the  verdict  should  be, 
and  this  doubtless  will  be  disclosed  to  those  who  can  read  between 
the  lines."  In  other  words,  he  does  not  claim  that  his  summing-up 
is  absolutely  without  bias ;  but  that,  as  his  opinion  '*  has  not  been 
formed  hastily  or  without  experience."  the  bias  is  in  the  right 
direction.  In  such  a  case,  it  may  safely  be  said,  the  assumed  or 
ostensible  office  of  judge  is  very  apt  to  merge  altogether  into  that 
of  advocate,  for  extremely  "  thin  partitions  do  their  bounds  divide." 
Indeed,  we  think,  there  are  many  parts  of  the  book  which  are  far 
more  the  work  of  an  advocate — a  very  skilled  advocate,  we  admit — 
than  of  a  judge. 

No  doubt  there  are  many  things  in  all  departments  of  science 
which  are  not  yet  settled,  and  which  require  careful  revisal  and 
restating  from  time  to  time.  But  the  line  of  this  '*  debatable 
ground "  is  constantly  being  carried  forward  ;  numbers  of  such 
disputed  points  are  always  being  disposed  of,  and  taking  their  place 
among  the  substantial  additions  to  knowledge  ;  so  that,  unless  some 
new  and  unexpected  evidence  has  emerged,  further  discussion  of 
them  becomes  out  of  date  and  unprofitable.  We  think  that  at  this 
time  of  day,  a  good  many  points  in  Glacial  geology  may  be  taken  to 
be  in  this  position — practically  settled,  and  placed  in  the  category 
of  Ues  Judicata,  Professor  Bonney,  however,  i^eopens  several  of 
them,  about  which  there  can  hardly  be  said  to  be,  or  to  have  been 
for  many  years,  any  question. 

One  conspicuous  instance  of  this  is  with  regard  to  the  well-known 
" Parallel  Roads "  of  Glen  Roy. 

**lt  is  agreed,"  remarks  Dr.  Bonney,  "that  these  'Roads*  are 
beaches  " ;  but  "  the  cause  which  brought  the  water  to  these  levels 
is  still  a  matter  of  dispute.  By  some  authorities  they  are  considei'ed 
to  have  been  formed  by  the  sea  when  the  land  stood  at  a  lower 
level  than  at  present ;  the  highest  being  the  oldest,  and  the  second 
and  third  marking  pauses  in  the  process  of  upheaval.  By  other 
authorities  they  are  attributed  to  fresh  water,  and  are  supposed  to 
have  been  formed  on  the  shores  of  lakes  which  were  held  up  by 
glaciers  during  some  part  of  the  Ice  Age."  ^ 

The  **  dispute  "  is  thus  represented  as  still  pending,  one  on  which 
"  authorities  "  are  divided  ;  the  truth  being  that  there  has  been  little 
or  no  "  dispute  "  on  the  subject  for  nearly  thirty  years,  the  advocates 
of  the  glacier- lake  theory  being  generally  considered  to  have  proved 
their  case,  and  the  **  authorities  "  being,  for  all  that  time,  practically 

1  Geol.  Mao.,  May,  1896. 
»  "Ice-Work,"  pp.  94-7. 
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ranged  on  their  side.  Agassiz  and  Bnckland,  twenty  years  earlier, 
Mr.  Jamieson,  Sir  Charles  Lyell,  Sir  Henry  James,  Sir  Archibald 
(}eikie,  Dr.  James  Geikie,  Professors  Tyndall  and  Prestwich — 
Darwin  also,  who  at  first  favoured  the  marine  theory — have  all  in 
sucoession  adopted  and  illustrated  this  view.  What '' authorities  " 
can  be  named  on  the  other  side?  Professor  Bonney  himself 
excepted,  we  are  aware  of  none  since  the  late  Professor  Nicol,  of 
Aberdeen,  who  wrote  on  the  subject  thirty  years  ago. 

Ten  or  twelve  years  before  that  time,  Sir  Charles  Lyell,  in  the 
earlier  editions  of  his  "  Manual,"  observed  with  regard  to  the  formation 
of  these  "  Roads  " — **  The  problem  is  only  solved  in  part ;  a  large 
number  of  facts  must  be  collected  and  reasoned  upon  before  the 
question  can  be  finally  settled."  ^  But  seven  or  eight  years  after- 
wards 80  much  progress  had  been  made  in  this  work,  by  Dr. 
Jamieson  and  others,  that  Sir  Charles,  reviewing  the  whole  evidence 
anew,  was  satisfied  that  *'  the  Glen  Hoy  terrace-lines,  and  those  of 
some  neighbouring  valleys,  were  formed  on  the  borders  of  glacier- 
lakes."  *  We  take  Sir  Charles  to  have  been  an  ideal  "judge  "  in 
geology  ;  clear,  impartial,  painstaking,  competent ;  always  prepared 
to  follow  where  well-tested  evidence  led.  We  ask,  what  has 
transpired  since  then  that  we  should  now  be  taken  back  to  the  point 
which  he  abandoned  more  than  thirty  years  ago  ?  Why  should  his 
later  decision  in  the  matter  be  ignored,  the  evidence  on  which  it 
rested  set  aside,  and  the  history  of  these  "  Roads  "  still  spoken  of  as 
*  likely  to  remain  among  the  controversial  questions  of  geology," ' 
as  if  nothing  had  been  attempted,  nothing  done,  no  fresh  facts 
collected  or  additional  light  gained,  for  more  than  a  generation? 

It  will  be  admitted  that  among  the  first  merits  of  a  good  judge 
are  precision  in  the  citation  of  similar  cases  ("chapter  and  verse" 
being  usually  given),  and  clearness  in  distinguishing  between  those 
which  bear  directly  on  that  in  hand,  and  those  which  only  affect  it 
remotely,  if  at  all.  But  even  the  "  common  juryman  "  can  see  that 
Dr.  Bonney's  "  instances "  are  frequently  of  the  vaguest  and  most 
unsatisfactory  kind. 

"The  advocates  of  the  marine  origin,"  we  are  told,  "call  attention 
to  the  fact  that  terraces  of  a  rather  similar  kind  occur  at  lower  levels 
in  other  parts  of  Scotland,  especially  on  the  western  coast  "  (p.  97). 
Doubtless  some  one,  to  us  unknown,  has  used  the  argument  in  this 
form  (the  italics  are  ours) ;  but  we  wonder  that  Dr.  Bonney  should  re- 
peat it  as  of  any  value.  The  essential  points  to  be  stated  are,  Where^ 
and  at  tohat  level,  are  the  "  terraces  "  referred  to ;  and  then  we  may 
l>e  able  to  judge  how  far  they  assist  us  in  Glen  Roy. .  Again,  with 
regard  to  the  diflSculty,  on  the  marine  theory,  of  the  uniformity  of 
the  subsequent  re-elevation — it  being  ''improbable  that  the  whole 
valley,  about  ten  miles  long,  would  be  uplifted  to  the  same  amount " 
— Dr.  Bonney  gives  as  the  answer  to  this,  that  **  in  other  parts  of 
Scotland,  terraces  admitted  to  be  of  marine  origin  alter  their  level 

»  Fifth  edition,  18o5,  p.  89. 

»  *'  Antiquity  of  Man,*'  p.  264  (1863). 

3  "Ice- Work,"  p.  107. 
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but  slowly  *•  (p.  98).  Nothing  can  be  raa<le  of  this  without  further 
particulars. — Once  more,  in  noticing  the  difficulty  that  •*  no  marine 
organism  has  been  detected  among  the  materials  of  the  roads,"  Dr. 
Bonney  gives  the  answer,  without  any  indication  of  its  insufficiency, 
that  the  objection  "might  be  urged  with  equal  force  in  regard  to 
many  of  the  terraces  in  Scotland  .  .  .  the  marine  origin  of  which 
is  not  disputed "  (p.  99).  For  the  third  time,  we  wonder  iohai 
terraces  are  referred  to.  We  know  of  none  admitted  to  be  marine, 
though  destitute  of  marine  remains.  And  though  this  were  so,  we 
presume  that  laxity  of  inference  in  one  case  cannot  be  cited  as 
justifying  similar  laxity  in  another. 

llie  **  sea-marks  '*  in  Norway  are  more  than  once  alluded  to  by  Dr. 
Bonney  ;  but  it  is  not  asserted  that  they  even  approximately  coincide 
with  the  terraces  in  Glen  Roy  ;  in  reality,  the  highest  of  them  is 
much  lower  than  the  lowest  in  that  glen,  and  they  are  quite  different 
in  position  and  other  essential  respects,  so  that  it  is  not  apparent  how 
they  help  the  case.  Why  do  not  the  Glen  Roy  terraces,  if  marine, 
extend  along  the  present  coast  like  those  in  Norway  ?  Next,  '*  the 
coast  of  Peru  "  is  mentioned — a  "  far  cry,"  indeed,  from  Lochaber ! — 
and,  finally,  after  this  circuit,  Moel  Tryfaen,  Gloppa,  and  "other 
localities,"  which,  as  Dr.  Bonney  is  doubtless  well  aware,  are  all  "  in 
dispute"  at  present,  and  some  of  which,  including  Moel  Tryfaen, 
are  being  largely  given  up  as  proofs  of  submergence.* 

Coming  to  other  difficulties  which  have  been  urged  against  the 
"  marine  theory,"  Dr.  Bonney  continues  to  indicate  the  **  replies," 
in  all  cases,  as  if  perfectly  sound  and  satisfactory.  Thus,  **  if  these 
beaches  have  been  formed  by  the  sea,  it  is  difficult  to  understand 
why  they  do  not  occur  more  generally" — [or  rather,  why  they 
do  not  occur  at  all] — "  in  the  neighbouring  valleys,  and  in  other 
parts  of  Scotland."  This  is  a  difficulty  which  Lyell  thought  had 
never  been  got  over.  But  Dr.  Bonney  calmly  continues:  "To 
this  it  is  answered,  that  there  is  a  beach  in  Glen  Gluoy,  and  some 
traces  are  found,  ihovgh  ot  different  levelsy  in  Glen  Spean  aw4  c/«c- 
icAere"!'  We  turn  to  our  tel low-occupants  of  "the  box,"  to  see 
what  they  think  of  this  answer.  It  seems  to  us  that  the  beach  in 
Glen  Gluoy,  instead  of  lightening  the  difficulty,  immensely  increases 
it.  That  beach  does  not  correspond  with  any  of  the  terraces  in 
Glen  Roy,  as  it  should  certainly  do,  had  both  glens  been  alike 
occupied  by  the  sea ;  it  is  higher  than  any  of  them.  Why  is  this 
so  ?  Why  did  not  the  sea  form  as  high  a  line  in  Glen  Roy  as  in 
Glen  Gluoy,  and  as  many  lines  in  the  one  glen  as  in  the  other? 
Nor  is  anything  gained  by  referring  to  terraces  "at  different  levels" 
in  Glen  Spean  ;  these  are  all  part  of  the  very  phenomena  under 
discussion,  and  are  explained  by  one  of  the  parties  in  the  case  as 
due  to  the  same  local  cause.  What  is  wanted  are  similar  beach- 
lines  at  similar  levels  in  many  other  glens  of  Scotland,  which  the 
sea,  if  it  ever  stood  at  that  height,  must  have  formed.  Where  are 
they  ?     Dr.  Bonney  says  they  are  "  elsewhere  "  1 

1  Sfie  Dr.  J.  Geikie's  "  Great  Ice-Age,"  3rci  ed.,  p.  371. 

2  •♦  Ice- Work,"  p.  98.     (Italics  ours.) 
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But,  it  is  added,  terraces  of  this  kind  ''are  only  formed  under 
exceptional  cirourastanceR,  and  are  accordingly  local  in  occurrence  " 
(p.  98).  This  is  just  what  has  to  be  explained,  and  what  we 
think  the  "glacier  theory"  does  explain.  Can  Dr.  Bonney  indicate 
what  exceptional  circumstances,  in  the  event  of  a  submergence, 
favoured  the  formation  of  these  beaches  in  Glen  Roy  rather  than 
in  Glen  Gluoy,  and  in  many  other  glens  nearer  the  coast  and 
opening  more  directly  on  the  sea?  Why,  for  example,  should 
these  alleged  sea-beaches  not  be  found  in  the  neighbouring  Great 
Glen,  which,  in  the  event  of  a  submergence,  must  have  been 
powerfully  acted  upon  by  the  sea ;  as  also  in  the  Tay  valley,  the 
Forth  and  Clyde  valley,  the  Tweed,  Annan,  and  Nith  valleys,  and 
others  ?     We  can  see  no  answer  to  these  questions. 

Noticing  again  the  discrepancy  between  the  terrace  in  Glen  Gluoy 
and  the  highest  in  Glen  Koy,  which  "ought  to  agree"  (the  heads 
of  the  glens  being  only  a  few  hundred  yards  apart),  instead  of  the 
former  being  some  15  feet  higher,*  Dr.  Bonney  adds  that  "the  facts 
stated    merely   require   that   the   land    in   rising   should   be   tilted 
slightly  upwards  towards  the  north,  while   it  remained  nearly  at 
the  same  level  towards  the  west"  (p.  98).     We  are  not  aware  that 
the  roads  have   been   observed  to  rise  towards  the  north,  or  ar^ 
appreciably  higher  in  the  upper  part  of  the  glen  than  in  the  lower. 
All  the  earlier  observers  and  surveyors  dwell   on  their   "  perfect 
horizontality  " ;    but  we  know  that  later  measurements  show  certain 
— after  all,  unimportant — deviations.   Prof.  Prestwich  pointed  out  that 
instead  of  a  perfect  level,  the  roads  are  "  slightly  waved,"  forming 
partial    "curves,"  there   being  a  difference   of  a   good   many  feet 
between  the  highest  and  the  lowest  points  of  each,  bearing  a  very 
small  proportion,  however,  to  their  entire  length.     "  To  all  appear- 
ances," he  admits,  "they  are  perfectly  level."     Sir  Henry  James, 
the  former  Director- General  of  the  Ordnance  Survey,  stated  that 
they    "deviate   slightly    from    horizontality    in   those    parts    where 
streams   from   the  mountains   above   have  cut  small   watercourses 
through  them"* — which  is  just  what  might  be  expected.     Indeed, 
we  think  the  marvel  is  that,  in  spite  of  the  loose  and  sandy  nature 
of  the  material,  these  remarkable  lines  are  still  so  perfect  and  so 
nearly  level.     There  is  no  evidence  that  we  are  aware  of  in  favour 
of  any   "  tilting  to  the  north,"  nor  do   we  think   that  the  sudden 
difference  of  15  feet  between  the  terrace  in   Glen  Gluoy  and  the 
highest  in  Glen  Roy,  "  only  a  few  hundred  yards  apart,"  can  be  so 
explained.     Besides,  Glen  Gluoy  lies  to  the  icestward  of  Glen  Roy, 
where  Dr.  Bonney  supposes  the  land  to  have  "  remained  nearly  at 
the  same  level." 

The  truth  is  that,  while  Dr.  Bonney  thus  labours  on  these  minor 
points,  a  greater  difficulty  is  all  the  time  placed  before  him, 
which  he  simply  passes  by — viz.,  the  fact  that  each  "  road  "  coinci<les 
with  a  col  or  opening  out  of  the  glen  in  which  it  occurs.  Why  should 

'  We  may  here  repeat  the  figures  as  an  aid  to  the  reader's  memory.     T»'rrac(5  iu 
Glen  Gluoy,  1166  feet;    those  in  Glen  Kov,  1151,  1067,  and  8o5  leet". 
'  Notes  to  the  Survey  Map  of  the  district. 
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this  be  if  these  shelves  were  formed  by  the  sea  ?  The  line  in  Glen 
Qluoy,  so  much  higher  than  any  in  Glen  Roy,  corresponds  with  its 
higher  col ;  the  three  in  Glen  Roy  all  correspond  with  openings  out 
of  that  glen  and  Glen  Spean  into  the  greater  valley  of  the  Spey. 
Did  the  "  pauses  *'  in  elevation,  '*  during  which  the  roads  were 
made,"  vary  in  these  glens,  and  not  affect  others  at  all  ?  It  is  surely 
impossible  to  imagine  that  the  degree  of  submergence,  and  then  of 
re-elevation,  had  any  reference  to  the  height  of  these  cols  ;  or  that 
these  '*  pauses  "  happened  to  take  place,  in  every  instance,  just  when 
the  sea  reached  their  level  I 

This  fact,  in  our  humble  judgment,  is  of  itself  conclusive  against 
the  "marine  submergence"  theory;  and,  indeed,  constitutes,  as  Mr. 
Jamieson  has  remarked,  a  fourfold  proof  in  favour  of  the  alternative, 
or  "lake-theory."  It  shows,  we  think,  in  the  clearest  manner 
possible,  that  these  "  roads  "  were  due  to  a  local  cause — to  this  par- 
ticular group  of  glens  being  at  one  time  blocked  to  the  level  of  their 
highest  cols,  and  subsequently  in  a  smaller  degree,  to  that  of  the 
Bide-cols ;  and  that  then  the  water,  the  natural  drainage  of  the  glens, 
found  egress  successively  by  the  lower  outlets,  as  these  became 
available  for  it. 


I^  E  "V  I  E  ^^7^  S. 


I. — The  Great  Rift  Valley,  being  the  Narrative  of  a  Journey 
TO  Mount  Kenya  and  Lake  Baringo  ;  with  some  account  of 
the  Geology,  Natural  History,  Anthropology,  and  Future 
Prospects  of  British  East  Africa.  By  J.  W.  Gregory, 
D.Sc.  (Lond.),  F.G.S.,  F.R.G.S.,  F.Z.S.,  of  the  British  Museum 
(Natural  History).  With  Maps  and  Illustrations.  Royal  8vo, 
pp.  xxii  and  422.     (London,  1896:  John  Murray.     Price  21»  ) 

(WITH    PLATE  XL) 

THE  story  of  Dr.  Gregory's  adventurous  journey  to  Mount  Kenya 
and  Lake  Baringo,  which  the  author  hns  now  placed  before 
the  world  in  the  admirable  volume  just  published  by  Mr.  .Murray, 
is  not  wholly  unknown  to  many  of  us,  for,  on  his  return,  he  delivered 
an  excellent  evening  lecture  before  the  British  Association  at  Oxford 
in  August  1894,  he  also  gave  an  account  of  his  journey  in  a  paper 
to  the  Royal  Geographical  Society,  so  that  we  have  already  learned 
from  his  own  lips  the  main  facts  connected  with  that  very  plucky 
and  (fortunately  for  the  world  of  science)  successful  ezpeditioD. 
Anyone,  however,  who  has  a  love  of  travel — whether  he  has  heard 
Dr.  Gregory  tell  his  story  or  not — will  take  up  this  volume  with 
interest,  and  will  probably  do,  as  we  have  done,  read  the  book, 
instead  of  writing  a  review  of  it  I  For  the  story  of  British  pluck 
and  endurance,  the  dogged  determination  to  overcome  obstacles, 
however  trying  and  apparently  insuperable,  always  commends  itself 
to  the  Anglo-Saxon,  and  makes  his  heart  beat  with  pleasure  and 
pride  to  claim  such  an  one  as  a  man  and  a  brother. 

In  addition  to  the  uurrative,   which  of  course  oocupies  a  large 
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proportion  of  the  book,  there  is  abandance  of  matter  for  the  political 
tHX)nomi8t,  for  the  geographer,  anthropologist,  and  the  geologist. 
Botany  and  zoology  have  also  gained  by  the  varied  novelties  that 
Dr.  Gregory  has  brought  back.  Some  interesting  cases  of  mimicry 
were  obHerved  by  the  author,  one  of  which  (drawn  by  Mrs.  Gregory), 
representing  a  cluster  of  insects  (Flata  nigrocineta)  grouped  so  as  to 
resemble  a  flower-spike,  forms  a  charming  frontispiece  to  this 
volume. 

Keverting  to  the  title  of  the  book,  one  is  led  naturally  to  seek  for 
explanation  of  the  term  *'  the  Great  Kift  Valley."  We  find  an 
answer  (on  p.  3)  where  the  author  refers  to  Mr.  F.  Galton's  state- 
ment, when  discussing  Mr.  Thomson's  paper  on  his  journey  through 
Masailand,  namely,  that  the  great  depression  or  trough  in  which 
Naivasha  and  Baringo  lie,  is  part  of  one  ''  which  begins  with  the 
Dead  Sea,  extends  down  the  Red  Sea,  and  ends  at  Tanganyika." 

A  study  of  the  Lake-system  of  East  Africa  enables  us  to  see 
clearly  that  the  lakes  are  developed  according  to  two  absolutely 
different  types.  "  Some  are  rounded  in  shape,  as  the  Nyanza ;  othem 
are  long  and  narrow,  as  Tanganyika  and  the  Nyasa."  An  examina- 
tion of  the  lakes  themselves  shows  *'  that  the  round  lakes  have  low 
shelving  shores,  and  that  the  long  ones  lie  like  fiords,  between 
high,  precipitous  cliffs." 

*'  The  map  shows  us  that  these  two  types  of  lakes  are  not 
distributed  haphazard,  but  on  a  definite  plan.  The  long  fiord-like 
lakes  occur  on  two  lines,  which  pass  one  on  either  side  of  tho 
Nyanza  and  meet  at  Basso  Narok  (Lake  Kudolf).  Thence  the  line 
continues  northward  as  a  long  strip  of  low  land,  dotted  with  lakes 
and  old  lake-basins,  and  sinking  in  places  below  the  level  of  tlie 
sea.  This  extends  to  the  southern  end  of  the  Red  Sea,  which  repeats 
the  structure  of  these  fiord-like  lakes  on  a  larger  scale :  it  is  long 
and  narrow,  and,  excluding  some  strips  of  coast  deposits,  has  high, 
piecipitous  shores.  From  its  northern  end  the  Gulf  of  Akaba  leads 
to  another  valley  with  similar  characteristics,  and  from  this  the 
Dead  Sea  and  Jordan  valley  continue  the  same  type  of  geographical 
structure,  till  it  ends  on  the  plains  of  northern  Syria. 

"From  the  Lebanons,  therefore,  almost  to  the  Cape  there  runs 
a  valley,  unique  both  on  account  of  the  persistence  with  which  it 
maintains  its  trough-like  form,  throughout  the  whole  of  its 
course  of  4,000  miles,  and  also  on  account  of  the  fact  that  scattered 
along  its  floor  is  a  series  of  over  thirty  lakes,  of  which  only  one  has 
an  outlet  to  the  sea. 

''This  valley  and  its  lake-chain  are  so  different  from  anything  else 
on  the  surface  of  the  earth,  that  it  is  natural  to  ask  whether  different 
portions  of  it  have  been  formed  independently,  or  whether  it  was 
all  formed  at  the  same  time  and  by  the  same  process.  Tlie  final 
answer  to  this  question  must  be  given  by  geology,  but  history 
affords  ns  some  useful  hints.  All  along  the  line  the  natives  have 
traditions  of  great  changes  in  the  structure  of  the  country.  The 
Arahs  tell  us  that  the  Red  Sea  is  simply  water  that  did  not  dry  up 
ftlter  Noah's  deluge.    The  Somali   say  that  when  their  ancestors 
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crossed  from  Arabia  to  Africa  there  was  a  land  connection  between 
tLe  two,  across  the  Straits  of  Bab-el- Mandeb.  The  natives  of  Ujiji, 
at  the  southern  end  of  the  line,  have  a  folklore  that  goes  back  to 
the  time  when  Lake  Tanganyika  was  formed  by  the  flooding  of 
a  fertile  plain,  rich  in  cattle  and  plantations.  And  at  the  northern 
end  of  the  valley  we  have  the  accounts  of  the  destruction  of  the 
towns  of  Sodom  and  Gomorrah. 

"  There  is  geological  evidence  to  show  that  great  earth -movements 
have  happened  along  this  Rift  Valley,  as  it  may  be  termed,  at  a 
recent  date,  which  makes  it  distinctly  probable  that  these  ti-aditions 
are  recollections  of  the  geographical  changes. 

"llie  structure  of  the  Rift  Valley  has,  therefore,  very  varied 
intei*ests — geological  and  geographical,  on  account  of  its  connection 
with  the  history  of  the  eastern  basin  of  the  Mediterranean,  and 
ethnographical,  on  account  of  its  explanation  of  some  of  the  beKt- 
known  stories  in  our  folklore.  But  it  comes  in  contact  with  the 
problems  of  science  on  yet  another  side."  **  If  all  the  air  and  water 
were  removed  from  the  earth,  then  the  Rift  Valley  would  present 
much  the  same  aspect  to  the  inhabitants  of  the  moon  as  some  of  the 
larger  of  the  lunar  rills  present  to  us.  So  the  exploration  of  the 
Rilt  Valley  has  the  additional  attraction  of  offering  the  possibility 
of  explaining  the  nature  of  some  features  in  the  surface  of  the 


moon." 


From  the  days  of  Murchison  in  1852  to  the  publication  of  Prof. 
Suess's  memoir  in  1891  writers  in  general  on  Africa  seem  to  have 
held  to  the  view  of  the  great  simplicity  of  Tropical  Africa,  and  the 
long  conservation  of  its  ancient  terrestrial  conditions.  If  we  turn 
to  the  Geological  Map  of  British  East  Africa  (p.  217)  we  shall 
see  that  a  vast  area  is  here  covered  with  lava-flows  on  so  gigantic 
a  scale,  that  those  of  Vesuvius  and  Etna  sink  into  insignificance 
beside  them  ;  they  can  only  be  compared  with  the  great  lava-sheets 
of  America  and  the  Deccan  traps  in  India  ;  the  latter  cover  an  area 
of  200,000  square  miles,  and  those  of  the  Western  States  of  America 
have  been  estimated  to  occupy  a  tract  as  large  as  Great  Britain  and 
France  combined.  Ricbthofen  and  Geikie  have  suggested  that  these 
great  lava  seas  were  discharged  from  subterranean  reservoirs  through 
Assures  possibly  hundreds  of  miles  in  length,  instead  of  through 
simple  circular  vents. 

Dr.  Gregory  suggests  that  instead  of  a  long  line  of  fissure 
eruptions  the  plateau  was  probably  traversed  by  a  double  series 
of  lines  of  weakness  crossing  one  another  like  a  network,  and  that 
from  the  intersection  of  these  lines  numerous  flows  of  lava  would 
occur  which  would  coalesce  into  continuous  sheets.  He  describes 
these  as  plateau  eruptions,  rather  than  as  fissure  eruptions  (p.  219). 
He  then  goes  on  to  describe  the  mode  of  formation  of  the  Great 
Rift  Valley,  contrasting  it  with  the  sinuous  course  and  rounded 
slopes  produced  by  denudation  such  as  we  are  familiar  with  in 
England.  "  On  emerging  from  the  Kikuyu  forests,  we  entered  one 
which  was  straight  in  direction,  and  was  bounded  by  parallel  and 
almost  vertical  sides;  its  characteristic  features  were  that  its  lines 
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were  straight,  and  that  its  angles  retained  some  of  their  originHl 
sharpness,  for  the  direct  action  of  faults  and  earth-movements  still 
dominated  the  scenery.  An  hour  after  entering  this  valley,  we 
reached  the  edge  of  the  Great  Kift  Valley,  which,  like  the  former, 
must  be  directly  due  to  earth -movements.  Once  the  plateaux  of 
Mau  and  Kikuyu  were  continuous  across  the  site  of  the  Kift  Valley  ; 
a  double  series  of  north  and  south  [faults]  cut  through  the  plateaux 
and  allowed  the  block  of  material  between  them  to  subside.  This 
left  a  great  open  Rift  Valley  (or,  to  use  Prof.  Suess's  term,  a 
'Graben').  In  this  method  of  valley  formation  strips  of  country 
have  fallen  owing  to  a  series  of  parallel  cracks  or  *  faults,'  and  thus 
a  valley  has  been  formed  with  precipitous,  and  sometimes  step-like 
sides.  Such  valleys  have  long  been  known  in  America,  and  the 
extraordinary  steepness  of  their  bounding  walls  may  be  seen  in 
photographs  of  the  Yosemite  Cuiion  in  California"  (p.  220).  We 
Lave  dwelt  rather  more  fully  upon  this  part  of  Dr.  Gregory's  book, 
because  he  tells  us  that  the  desire  to  obtain  more  precise  information 
as  to  the  structure  and  origin  of  this  Great  Rift  Valley  was  the  main 
reason  for  his  undertaking  the  journey  described  in  this  volume. 

We  commend  Dr.  Gregory's  book  most  highly  for  its  many-sided 
and  suggestive  views  on  a  great  variety  of  subjects,  which  are  most 
ably  discussed,  and  with  a  freedom  of  opinion  and  an  absence  of 
prejudice  truly  refreshing.  We  were  much  struck  by  the  author's 
remarks  that  much  of  the  political  trouble  in  East  Africa  has  arisen 
in  consequence  of  our  interference  with  that  most  ancient  and 
well-recognized  institution  of  slavery,  which  has  doubtless  been 
maintained  by  the  Arabs  for  more  than  3,000  years  in  the  country, 
and  could  not  be  interfered  with  save  by  provoking  the  deadiy 
hatred  of  this  most  powerful  and  intelligent  race.  "  We  have  tried 
to  destroy  that  which  was  an  integral  part  of  the  social  system  of 
the  ruling  race,  without  realizing  how  vast  a  cavity  would  be  pro- 
duced, and  how  fatal  it  would  seem  to  them. 

o         o-o        o        o        o        o        o        o        o 

''At  Melindi,  at  Mambrui,  and  Magarini,  in  fact  all  along  the 
coast,  extensive  plantations  are  being  abandoned  owing  to  the 
impossibility  of  obtaining  sufficient  labour.  The  Arabs  see  their 
property  being  ruined,  and  are  naturally  hostile  to  British  rule." 

"  The  system  of  slavery  in  East  Africa  is  really  that  of 

serfdom,  and  has  been  as  necessary  in  the  development  of  the 
country  as  feudalism  was  in  Europe.  Under  the  laws  now  in  force 
the  slaves  will  gradually  die  out  and  be  replaced  by  freemen,  and 
the  change  had  far  better  come  slowly  than  by  a  sudden  revolution  " 
(p.  380). 

We  must  now  bid  the  author  adieu.  We  advise  those  who  would 
enjoy  a  delightful  and  attractive  volume  to  procure  Dr.  Gregory's 
chiirming  book  and  read  it  for  themselves. 

By  the  kindness  of  Mr.  John  Murray  we  are  permitted  to 
reproduce  on  our  Plate  XI  two  types  of  African  lake-shores, 
namely,  that  of  Victoria  Nyanza  and  the  western  wall  of  Lake 
Tanganyika,  both  taken  from  Dr.  Gregory's  work,  p.  3. 
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XL — The  Students'  Ltsll  :  a  Manual  of  Elementary  Gkoloot. 
Edited  by  John  W.  Judd,  C.B.,  LL.D.,  F.R.S.,  Professor  of 
Geology,  and  Dean  of  the  Royal  College  of  Science,  London. 
With  a  •  Geological  Map  and  736  Illustratious  in  the  text 
8vo,  pp.  [24]  and  636.  (London,  1896:  John  Murray. 
Price  9«.) 

THE  editor  of  the  students'  textbook  before  us  says — "The 
writings  of  Sir  Charles  Lyell  occupy  so  undisputed  a  position 
among  the  classics  of  science  that  no  apology  is  needed  for  the  issue 
o€  the  present  work."  Still  the  question  may  not  unnaturally  be 
asked  what  is  the  claim,  what  is  the  secret  charm,  of  Ly ell's 
writings  which  have  attracted  men  of  science  and  the  public  so 
strongly  to  accept  his  teachings,  and  even  now,  after  he  himself  has 
passed  away  more  than  twenty  years,  his  name  is  still  a  talisman  to 
the  seeker  after  geological  truths,  and  his  deduction)}  are  still  held  to 
be  the  guiding  principles  of  our  scieuce. 

If  we  look  carefully  into  our  Lyell  we  shall  find  that  the  writer 
is  not  only  the  historian  and  teacher,  but  he  is  also  the  observer  and 
the  inquirer.  He  takes  us  with  him  and  shows  us  the  action  of  rain 
and  rivers  on  the  surface  of  the  land  ;  the  formation  of  river- valley 
terraces  and  deltas ;  the  action  of  the  sea,  the  wasting  of  cliffs,  the 
formation  of  shoals  and  sandbanks,  and  the  transport  of  materials 
along  our  coasts.  We  can  pry  with  him  into  the  extinct  craters  of 
the  Auvergne  or  watch  the  still  active  volcanoes  of  Etna  or  Vesuvius. 
We  learn  from  him  the  effects  which  have  been  brought  about 
by  the  upheaval  and  foldings  of  the  earth's  crust,  and  the  changes 
produced  in  the  configuration  of  our  continents  by  the  agents  of 
denudation  during  the  gradual  elevation  of  the  land,  and  subsequently 
by  the  slow  but  untiring  efforts  of  those  snbaerial  agents  ice,  fn^st, 
snow,  rain,  and  rivers,  through  vast  periods  of  time  over  the  broad 
surfaces  of  the  earth. 

Under  Lyell's  guidance  we  are  led  step  by  step  from  the 
operations  of  Nature  now  taking  place  around  us,-  to  reason  upon 
the  condition  of  the  earth's  surface  in  past  ages,  how  these  earlier 
physical  changes  were  brought  about,  and  what  was  their  effect 
upon  climate  and  life. 

As  we  pursue  our  inquiry  further  and  further  back  into  the  past, 
we  perceive  that,  notwithstanding  the  numerous  changes  which  our 
earth  has  undergone,  and  the  appearance  and  disappearance  of  some 
entire  groups  of  organisms,  other  persistent  types  have  survived, 
often  but  little  modified  through  the  lapse  of  vast  eons  of  time  down 
to  our  own  day.  The  conclusion  is  strongly  pressed  upon  us  that 
we  are  not  dealing,  as  the  earlier  writers  supposed,  with  a  series  of 
detached  and  isolated  geological  events  or  periods,  each  separated 
from  the  other  and  heralded  by  a  huge  catastrophe  which  swept 
away  all  pre-existing  life  and  was  succeeded  in  each  case  by  a  brand- 
new  creation  of  its  own.  We  now  know  that  notwithstanding  the 
varied  changes  of  land  and  sea  conditions  which  our  earth  has 
witnessed,  there  never  was  a  period  of  total  extinction  of  life  since 
the  first  organic  beings  made  their  appearance  on  our  planet,  but 
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that  the  seeds  of  living  organisms  have  persisted  through  all  ages 
from  the  dawn  of  that  life  in  pre-Camhrian  times  down  to  the 
present  day. 

It  is  no  douht  largely  due  to  the  doctrine  of  evolution  which 
Lyell  has  applied  to  geology,  and  to  his  sound  methods  of  reasoning, 
hasecl  upon  the  study  of  the  phenomena  of  existing  Nature  as 
furnishing  us  with  the  safest  interpretation  of  what  has  taken  place 
in  the  past  history  of  our  earth,  that  has  given  to  his  writings  their 
worldwide  reputation  and  their  greatest  charm. 

In  looking  back  ujmn  the  past  history  of  the  **  Students*  Elements," 
as  it  was  formerly  called,  we  shall  only  be  enhancing  its  value  by 
mentioning  that  its  previous  editions  received,  in  addition  to  the 
hand  of  Lyell  himself,  the  labour  of  the  late  Prof.  P.  M.  Duncan, 
Mr.  S.  V.  Wood,  David  Forbes,  as  well  as  of  Robert  Etheridge  and 
Prof.  T.  G.  Bonney,  so  that  its  reissue  under  the  able  editorship  of 
Prof.  Judd  ought  to  assure  for  it  a  further  profitable  and  protracted 
term  of  existence.  The  introductory  chapter,  dealing  with  geology 
in  relation  to  other  physical  sciences  and  the  causes  which  have 
retarded  the  progress  of  geology,  is  new  and  gives  an  interesting 
review  of  the  science  from  the  pen  of  one  who  is  daily  engaged  iu 
its  exposition. 

The  illustrations  are  mostly  excellent,  and  include  not  only  136 
figures  added  since  the  last  edition,  but  also  a  carefully  prepared  and 
coloured  geological  map  of  England  and  Wales  as  a  frontispiece. 
The  last  six  pages,  devoted  to  appendices  of  living  forms,  should 
be  carefully  revised  in  a  new  edition.  By  the  adoption  of  double 
columns  and  smaller  type  for  the  matter  at  the  end  of  each  chapter, 
much  additional  information  has  been  introduced  without  enlarging 
the  work  more  than  by  about  14  pages,  nor  has  the  price  been 
increased. 

We  wish  the  work  every  success,  and  feel  sure  that  its  sale  will 
be  as  large  and  its  merit  as  lasting  as  the  i-emembrance  of  the  name 
of  Lyell  himself. 
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L— May   27th,    1896.  — Dr.    Henry   Hicks,   F.R.S.,   President,   in 

the  Chair. 

The  President  announced  that  a  portrait  in  oils  of  the  late  Prof. 
Huxley  had  been  presented  to  the  Society  by  Sir  John  Evans,  K.C.B., 
For.SecG.S. 

The  following  communications  were  read  : — 

1.  "On  the  Pliocene  Deposits  of  Holland,  and  their  Relation  to 
the  English  and  Belj^ian  Crags  ;  with  a  Suggestion  for  the  Establish- 
ment of  a  new  Zone  '  Amstelien,*  and  some  remarks  on  the 
Geographical  Conditions  of  the  Pliocene  Epoch  in  Northern  Europe." 
By  F.  W.  Harmer,  Esq.,  F.G.S. 
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The  author  draws  attention  to  some  papers  by  Dr.  J.  Lorie,  of 
Utrecht,  describing  the  strata  met  with  in  some  deep  borings  in 
Holland,  which  show  that  the  Newer  Pliocene  is  in  that  country 
nearly  500  feet  thick,  and  that  it  has  been  depressed  more  than 
1000  feet  below  its  original  position.  He  inquires  whether  this 
subsidence  can  be  connected  with  the  elevation  of  the  Older 
Pliocene  in  Belgium  and  Kent,  and  how  far  these  earth-movements 
can  be  traced  in  East  Anglia  and  influenced  the  deposition  of  the 
English  Crag. 

tie  gives  particulars  of  the  alterations  in  level  which  have  taken 
place  during  and  since  the  Crag  period  in  England  and  on  the 
Continent,  showing  that  the  two  movements  of  upheaval  and  subsi- 
dence  have  much  in  common,  and  especially  that  they  regularly 
increase  in  degree  to  the  north  and  south  respectively. 

He  gives  a  map  showing  the  extension  of  the  Diestien  deposits  of 
Belgium,  and  their  probable  connection  with  the  Lenham  Beds,  and 
opposes  the  view  of  M.  DoUfus  that  the  Diestien  sea  was  closed  to 
the  south,  though  the  connection  with  it  was  probably  cut  off  by  the 
elevation  of  the  southern  part  of  the  area  at  the  close  of  the  Diestien 
epoch,  which  also  caused  the  Scald isien  sea  to  retreat  to  the  north. 
At  the  close  of  the  Scaldisien  period  the  sea  retired  from  Belgium 
altogether,  no  beds  equivalent  to  the  Upper  Crag  of  England  being 
known  in  that  country.  A  similar  alteration  of  the  margin  of  the 
Crng  sea  can  be  traced  in  East  Anglia. 

He  analyzes  the  fauna  of  the  Scaldisien  and  Poederlien,/and  shows 
its  close  correspondence  with  that  of  the  Walton  bed,  and  the 
difference  between  it  and  the  Upper  Crag,  which  contains  Arctic 
shells. 

He  describes  the  beds  met  with  in  the  Dutch  borings,  regarded  by 
Dr.  Lorie  as  Diestien  and  Scaldisien,  and  their  fauna,  at  some  length. 
He  concludes  that  a  large  part  of  them  are  altogether  newer  than 
the  latter  formation,  and  are  equivalent  to  the  Butley  Crag,  and 
he  proposes  for  them  the  term  "  Amstelien." 

He  doubts  whether  any  deposits  of  similar  age  to  the  Norwich 
Crag  or  Chillesford  Beds  have  been  met  with  in  the  sous-sol  of 
Holland,  which  he  considers  became  at  that  time  a  land-area;  and 
he  ^ives  a  section  to  show  wherein  his  classification  of  the  Dutch 
strnta  differe  from  that  of  Dr.  Lorie. 

The  distinction  between  the  divisions  adopted  by  the  author 
comes  out  more  clearly  from  the  consideration  of  the  abundant  and 
characteristic  species  only,  of  each  of  which  he  gives  lists. 

Although  the  Amstelien  beds  are  more  than  400  feet  in  thickness, 
they  contain  a  shallow-water  fauna,  and  were  deposited  in  a  babin 
which  subsided  |)ari  paMw  with  their  accumulation. 

In  the  map  an  attempt  is  made  to  show  the  limits  of  the  sea  of 
the  Anglo-Dutch  basin  during  the  various  stages  of  the  Pliocene 
epoch. 

It  is  suggested  that  the  Chillesford  Clay  was  deposited  in  an 
estuary  through  which  the  Rhine  discharged  into  the  North  Sea,  its 
presence  in  the  western  portion  of  the  Pliocene  basin  being  caused 
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by  the  eleyation  of  Holland  after  the  deposition  of  the  Ainstelien 
and  a  subsidence  in  Suffolk,  which  carried  the  Chillesford  Beds  over 
an  area  which  was  not  covered  by  the  Norwich  Crag  sea. 

No  equivalents  of  the  Wey bourn  Crag  or  of  the  Cromer  beds 
(Forest  Bed  series)  have  been  found  in  the  Dutch  borings.  These 
are  to  be'  referred  to  the  Pliocene,  as  pointed  out  by  Mr.  Reid,  but 
possibly  some  of  the  unfossiliferous  pebbly  gravel  of  Norfolk  and 
Suffolk  may  be  Pleistocene. 

The  Wey  bourn  Crag  marks  a  re-invasion  of  East  Anglia  by  the 
sea ;  but  previously  to  the  deposition  of  the  Cromer  beds  the  southern 
margin  of  the  Pliocene  gulf  had  again  retreated  to  the  north,  and  an 
estuary,  similar  to  that  of  the  Chillesford  Clay  but  situated  farther 
east,  received  the  waters  of  the  Rhine,  which  brought  down  the 
drifted  remains  of  mammalia  and  some  southern  mollusca. 

The  newest  portion  of  the  Cromer  deposits  is  of  an  Arctic  character, 
and  seems  to  show  that  no  great  interval  separated  the  Pliocene  and 
the  Pleistocene  periods. 

A  second  subsidence  of  the  Dutch  area  took  place  in  Pleistocene 
times  ;  the  Glacial  and  post-Glacial  beds  being  600  feet  thick  under 
Amsterdam.  No  Till  or  contorted  Drift  similar  to  the  deposits  occur- 
ring in  East  Anglia  and  in  the  district  north-east  of  the  Zuyder  Zee 
has  been  met  with  in  these  borings.  The  glaciation  of  Holland  pro- 
ceeded from  the  Baltic,  and  not  from  Norway,  and  the  Baltic  ice  does 
not  seem  to  have  reached  the  Dutch  coast. ;  still  less  could  it  have 
travelled  thence  in  the  direction  of  East  Anglia. 

The  two  prominent  physical  features  of  the  Pliocene  period  were 
the  Rhine  and  the  basin  of  the  North  Sea.  The  hypothesis  of  a 
permanent  basin  with  shifting  shore-lines,  in  contiguity  to  which 
the  shallow-water  deposits  of  the  Upper  Crag  were  deposited,  seems 
to  agree  with  all  the  facts  of  the  case,  and  to  throw  light  on  the 
geogmphical  conditions  of  the  Pliocene  epoch. 

2.  "  The  Li w^iiia -Flags  and  Igneous  Rooks  of  the  Neighbourhood 
of  Dolgelly."  By  Philip  Lake,  Esq.,  M.A.,  F.G.S.,  and  S.  H. 
Reynolds,  Esq.,  M.A.,  F.G.S. 

ilie  area  dealt  with  in  this  paper  lies  south  and  west  of  Dolgelly, 
between  the  Arthog  road  and  the  hill  called  Mynydd  Gader,  which 
lies  in  front  of  the  precipices  of  Cader  Idris.  The  strati6ed  rocks 
belong  to  the  Middle  and  Upper  Ltn^u/a- Flags  and  Tremadoc  Slates. 
The  Middle  Ltn^u/a-Flags  (Ffestiniog  Series)  consist  of  bluish  slates 
with  grit- bands  containing  the  usual  Lingulella^  passing  into  Upper 
2^'ri^u/a-Flags  (Dolgelly  Series)  consisting  of  dark  slates  with  Orthis 
lerUicidariSf  Faraholina  spinulosay  etc.,  and  containing  two  andesitic 
lavas.  These  pass  into  the  basal  Tremadoc  Slates,  with  Dictyograptus 
flabeUi/ormia,  surmounted  by  an  upper  volcanic  series  with  rhyolitio 
lava.  Subsequent  intrusions  of  diabase  occurred,  of  a  laccolitic 
character,  but  of  such  a  nature  as  to  lead  the  authors  to  suggest  the 
possible  intrusion  of  the  diabase  along  a  line  of  unconformity  in  one 
case ;  there  is,  however,  no  newer  rock  above  the  diabase  to  indicate 
of  what  date  the  overlying  beds  would  be  if  such  unconformity 
occurred.     It  is  further  shown  that  the  important  faults  in  the  area. 
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were  produced  both  before  and  after  the  diabase  intrusions,  and  in 
one  case  the  movement  appears  to  have  been  in  one  direction  before 
the  intrusions,  and  in  the  opposite  direction  afterwards. 

8.  "  The  Kildare  Inlier."  By  S.  H.  Reynolds,  Esq.,  M.A.,  F.G.S., 
and  C.  I.  Gardiner,  Esq.,  M.A.,  F.G.S. 

The  area  described  in  this  paper  is  occupied  by  four  prominent 
hills  composed  of  Lower  Palaeozoic  rocks  rising  as  an  inlier  from 
beneath  Carboniferous  beds.  The  authors  give  the  following  suc- 
cession of  rocks  in  descending  order : — 

6.  Green  and  grey  micaceous  grits  and  shales  of  Dunmnrry. 
6.  Bed  and  black  shales. 

Gap  :  no  exposure  seen. 
4.  Limestones  oi  the  Chair  of  Kildare. 
3.  Contemporaneous  igneous  rocks. 
2.  Fossiliferoiis  ash  of  Grange  Hill  House. 
1.  Green  gritty  shales  (unfossiliferous). 

Nos.  5  and  6  are  referred  with  some  doubt  to  the  Llandovery 
Series,  and  perhaps  also  to  higher  series.  The  gap  may  conceal  the 
uppermost  beds  of  the  Bala  succession.  The  limestones  of  the 
Chair  of  Kildare  are  separated  by  the  authors  into  four  subdivisions 
of  the  same  general  age,  and  Agnostus  trinoduSf  lllcenua  Bawmanni, 
Bemopleurides  longicostatus,  and  Cyphoniseus  seriulis  range  through- 
out. The  contemporaneous  igneous  rocks  of  Grange  Hill  and  of  the 
Hill  of  Allen  are  shown  by  the  fossils  found  in  the  pyrodastio  rocks 
to  be  of  Middle  Bala  age.  The  lavas  consist  of  basalts  and  audesites, 
which  the  authors  separate  into  four  groups  distinguished  by  their 
lithological  characters.  Petrographical  details  of  these  various  rocks 
are  given  in  the  second  part  of  the  paper.  The  age  of  the  lowest  beds 
which  have  not  yielded  any  fossils  is  doubtful. 


IT.— June  10th.  1896.— Dr.  Henry  Hicks,  F.R.S.,  President,  in 
the  Chair,     The  following  communications  were  read  : — 

1.  '*  On  Foliated  Granites  and  their  Relations  to  the  Crystalline 
Schists  in  Eastern  Sutherland."  By  J.  Home,  Esq.,  F.R.S.E., 
F.G.S.,  and  E.  Greenly,  Esq.,  F.G.S.  (Communicated  by  permission 
of  the  Director-General  of  H.M.  Geological  Survey.) 

The  crystalline  schists  of  Eastern  Sutherland  are  traversed  by 
great  numbers  of  granitic  intrusions,  chiefly  in  the  form  of  lenticular 
sills.  These  generally  lie  parallel  to  the  foliation-planes  of  the 
schists,  but  transgressive  junctions  are  also  frequent  Thin  seams 
of  granite  also  occur  in  such  abundance  as  to  constitute  with  the 
schists  a  banded  gneissic  series ;  but  these  seams  can  often  be  seen 
to  transgress  the  schistose  folia,  and  even  often  to  proceed  from 
large  masses  of  granite.  The  granites  contain  numerous  inclusions 
of  the  schists  which  they  traverse,  such  inclusions  retaining,  usually, 
the  dip  and  strike  of  the  surrounding  rocks. 

There  are  no  chilled  edges ;  and,  moreover,  the  component  crystals 
of  schist  and  granite  mutually  interlock  along  the  lines  of  junction. 

The  authors  give  an  account  of  the  foliation  of  the  gmuite.     la 
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some  rare  oases  a  foliation  parallel  to  that  of  the  schists  traverses 
granite- vein 8.  It  is  generally,  however,  parallel  at  once  to  the 
sides  of  the  sill  and  to  the  foliation  of  the  schists ;  and  many  of 
the  strnctures  are  the  remains  of  biotite-folia  belonging  to  schists 
whose  qaartzo-f el  spathic  elements  have  been  incorporated  with 
thcise  of  the  granite.  But  many  sills  or  veins,  traversing  the  schints 
at  various  angles,  are  foliated  parallel  to  the  line  of  junction,  and  so 
discordantly  to  the  structures  in  the  schists ;  and  foliated  granites 
may  even  be  observed  to  cut  each  other's  foliation.  These  can 
hardly  be  anything  but  original  igneous  structures ;  but,  if  coexistent 
with  the  last-named,  would  be  indistinguishable  from  it. 

The  country-rocks  are  various  types  of  biotite-schist  or  gneiss, 
with  quartz-schists  at  Kildonan,  and  a  scapolite-limestone  at  Arma- 
dale. They  are  almost  all  holocrystalline,  but  it  is  certain  that 
sedimentary  rocks  enter  into  the  complex.  The  whole  series  is 
powerfully  folded. 

The  granites  increase  in  size  and  numbers  north-westward  from 
Kildonan.  the  intimate  intrusive  relations  above  described  becoming 
more  highly  developed  in  the  same  direction.  The  schists,  at  the 
same  time,  become  more  and  more  highly  crystalline,  sillimanite 
also  appearing  in  them.  About  Einbrace  they  are  coarse  sillimanite- 
biotite-gneisses,  with  large  striated  felspars. 

Igneous  contact  is  not  held  to  be  the  sole  origin  of  metamor])hism, 
though  the  cause  which  brought  about  the  introduction  of  the  granites 
has  evidently  also  produced  these  high  types  of  crystallization.  The 
evidence  of  powerful  movement  which  the  schists  everywhere  present 
suggests  that  such  movement  was  the  initial  cause  of  the  whole 
series  of  phenomena.  Movement  recurred  throughout,  though  all 
cataclastic  structures  (if  such  existed)  have  been  wholly  effaced  by 
crystallization;  introduction  of  granite  being  the  final  stage  in  the 
production  of  the  complex,  and  a  high  temperature  (as  shown  by  the 
absence  of  chilled  edges)  being  maintained  to  the  very  end. 

With  regard  to  the  granites,  the  authors  find  it  difficult  to  believe 
that  they  are  wholly  foreign  matter,  but  remark  that  it  is  here 
necessary  to  observe  the  utmost  caution. 

2.  "  The  Geology  of  the  Eastern  Corner  of  Anglesey."  By  E. 
Greenly,  Esq.,  F.G.S. 

The  notes  contained  in  this  paper  embody  the  principal  results 
obtained  during  a  survey  of  Anglesey  on  the  six-inch  scale. 

The  schists  of  the  south-east  of  the  island  are  succeeded  uncon- 
formably  by  the  slates  of  Careg  Onnan,  which  appear  to  be  separated 
by  a  strong  unconformity  from  the  Ordovician  shales.  The  Careg 
Onnan  slates  appear  (pending  confirmation  from  other  sections  or 
direct  fossil  evidence)  to  be  of  pre-Cambrinn  age,  and  the  author 
records  the  existence  of  sponge-spicules  therein. 

Tlie  ashy  grits  and  bedded  tuffs  of  Baron  Ilill,  near  Beaumaris, 
appear  to  have  been  moved  somewhat  from  the  ENE.  along  a  thrust- 
plane.  They  are  traversed  by  planes  of  my  Ionization,  and  are  much 
broken  and  folded. 

The  Ordovician  rocks  consist  chiefly  of  sparingly  fossiliferoua  d^xk 
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shales  and  roadstones,  bnt  contain  a  group  of  volcanic  tuffs  on  the 
horizon  of  the  pisolitio  ironstone. 

The  Carboniferous  rooks  appear  to  be  about  700  feet  thick,  and 
contain  conglomerates,  sandstones,  and  shales,  with  plant-remains 
about  the  middle  of  the  series. 

The  glacial  striae  sweep  round  from  SSW.  at  the  north,  to  S.W. 
and  WSW.  at  the  south  end  of  the  district  In  the  Penraon  area 
there  is  cross-hatching  with  a  series  running  SSE.,  and  it  is 
suggested  that  this  is  due  to  fluctuations  in  the  power  of  the  Car- 
narvonshire glaciers  to  deflect  the  ice  coming  from  the  north, 
combined  with  the  local  influence  of  certain  high  ground. 

8.  "  Seismic  Phenomena  in  the  British  Empire."  By  M.  F. 
de  Montessus  de  Ballore,  Captain  of  Fortress  Artillery  at  Belle-IIe- 
en-Mer.  (Translated  by  L.  L.  Belinfante,  B.Sc,  B.  es  L.  Com- 
municated by  Sir  Archibald  Geikie,  D  So..  F.R  S.) 

The  author  gives  a  brief  outline  of  a  plan  that  he  has  elaborated 
for  studying  Seismology.  He  has  separated  his  work  into  four 
parts — I.  The  formation  of  an  Earthquake  Catalogue.  2.  Refuta- 
tion of  the  empirical  laws  previously  enunciated.  3.  Description  of 
the  globe  from  a  seismological  point  of  view.  4.  Investigation  of 
the  characters  which  differentiate  stable  from  unstable  regions. 

He  gives  a  method  by  which  the  relative  seismicity  (or  instability 
as  regards  earthquakes)  of  regions  may  be  obtained  and  registered, 
and  indicates  some  of  the  results  which  he  has  derived  from  his  study, 
including  the  intimate  relationship  between  instability  and  surface- 
relief,  and  the  independence  of  seismic  and  volcanic  phenomena. 

The  main  part  of  the  paper  is  a  section  of  the  third  division  of 
the  author*s  work,  and  deals  in  detail  with  the  earthquakes  of  the 
British  Empire.  In  this  part  of  the  paper,  the  recorded  earth- 
quakes of  the  British  Isles,  India,  Australia  and  New  Zealand, 
British  Africa,  Canada,  and  various  scattered  possessions  are 
described. 

EOCENE  BEDS  AT   BINCOMBE,   DORSET. 

Sir, — In  your  last  issue  (p.  247)  Mr.  Fisher  says  that  if  I  had 
seen  the  section  of  Eocene  beds  at  Bincombe  open  as  he  did, 
I  might  not  have  been  at  a  loss  to  find  room  for  the  full  thickness 
of  chalk  below  them.  But  though  I  did  not  see  the  section,  I  had 
seen  what  was  next  best  to  it,  and  that  was  Mr.  Fisher's  account  of 
it,  showing  the  Eocene  to  be  vertical.  The  chalk  also  is  almost 
certainly  vertical,  or  nearly  so,  between  the  Eocene  and  the  mouth  of 
the  tunnel,  where  we  are  close  to  its  base,  but  even  so  I  was  not 
able  to  pack  in  its  full  thickness,  and  had  therefore  to  assume  an 
overlap  by  the  Eocene. 

Mr.  Fisher  explains  the  occurrence  of  the  Eocene  gravels  on  the 
theory  that  they  are  wedged  into  the  chalk  by  two  faulta,  and  do 
not  occur  as   an  outlier  in  the  usual  sense  of  the  word.      This 
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explanation  involves  certain  dif&oalties.  The  shape  of  the  outlier, 
as  I  still  think  it  must  be  called,  is  roughly  oval ;  the  mass  dropped 
in  would  therefore  be  cone-shaped.  If  it  were  a  case  of  pipin<^, 
which  I  do  not  think  it  is,  this  might  be  intelligible,  but  it  is 
difficult  to  conceive  a  fault  taking  such  a  form.  Nor  is  the  difficulty 
lessened  by  the  occurrence  of  several  other  small  outliers  in  the 
immediate  neighbourhood. 

l^e  structure  seemed  to  me  to  be  the  same  as  that  of  the  narrow 
strip  of  Tertiary  beds  near  Lulworth,  as  Mr.  Fisher  suggests,  except 
in  one  detail.  In  both  cases  the  chalk,  after  running  horizontally, 
or  even  dipping  gently  southwards,  turns  abruptly  up  so  as  to  dip 
at  80^  or  more  northwards;  and  in  both,  Tertiary  beds,  reposing 
naturally  upon  the  Chalk,  have  shared  in  the  flexure,  and  have  been 
preserved  from  denudation  in  the  elbow  of  the  fold.  But  while  at 
Lul worth  the  Isle  of  Purbeck  fault  coincides  with  the  abrupt  upturn 
of  the  strata,  and  thus  runs  between  nearly  horizontal  Chalk  and 
Eocene  and  nearly  vertical  Chalk,  at  Bincombe  the  Ridgeway  fault 
runs  at  the  base  of  the  Chalk,  and  between  it  and  Oxford  Clay. 
I  was  not  able  to  find  any  faulting  there  between  the  Chalk  and  the 
Eocene.  That  the  abrupt  upturn  traverses  the  Bincombe  outlier,  we 
know  by  the  fact  that  the  gravels  composing  it  are  partly  vertical,  as 
shown  by  Mr.  Fisher,  and  partly  gently  inclined,  as  proved  by  an 
exposure  close  to  the  western  end  of  the  outlier,  where  the  chalk 
dips  at  only  15°.  I  quite  agree  with  Mr.  Fisher  that  in  passing 
from  south  to  north  he  is  reading  an  ascending  section  in  the 
Eocene  strata.  A.  Stbahan. 

Cardiff,  8M  June,  1896. 

THE  AYRSHIRE  '♦  SHELL-BEDS." 

Sir, — Many  of  your  readers  have  doubtless  been  interested  by 
Mr.  John  Smith's  letter  in  your  last  number  regarding  his  discovery 
of  **  interglacial  shell-beds  "  at  various  heights  in  Ayrshire.  Mr. 
Smith  also  read  a  paper  on  the  subject  at  a  recent  meeting  of  the 
Geological  Society  of  Glasgow. 

While  fully  acknowledging  Mr.  Smith's  great  industry  and 
perseverance  in  tracing  out  these  **  shell-beds,"  I  would  ask  leave 
through  your  columns  to  repeat  a  caveat  which  I  ventured  to 
express  at  the  meeting  referred  to,  viz.,  against  assuming  ofi'hand 
that  the  deposits  are  necessarily  ''  interglacial,"  or  true  marine 
deposits  in  sitH.  It  appears  to  me  that  there  are  many  hints  and 
indications  that  they  may  be  accounted  for  in  another  way,  and  that 
it  will  require  further  prolonged  and  careful  observations  before  we 
can  pronounce  upon  them  with  any  certainty.  There  can  be  no 
doubt,  to  begin  with,  that  the  Clyde  ice  extended  in  great  force  over 
the  lowlands  of  Ayrshire  up  to  the  feet  of  the  Galston  and  Muirkirk 
Hills.  Boulders  of  West  Highland  schists  are  found  plentifully  as 
far  up  as  the  neighbourhood  of  Loudon  Hill,  and  in  similar  localities. 
The  abundant  deposits  of  sand,  gravel,  and  silt  in  some  of  the  side- 
valleys  are  just  what  might  be  expected  in  these  circumstances. 
The  crushed  and  fragmentary  condition  of  the  shells,  or  v^ry  uvqav'^ 
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of  them,  also  suggests  caution  in  drawing  inferences.  In  some 
places  they  are  found  in  the  typical  boulder-clay  of  the  district 

I  liave  since  had  the  pleasure  of  seeing  some  of  the  sections  in 
Mr.  Smith's  company.  All  I  say  is,  there  are  abundant  materials  for 
investigation,  and  it  will  be  well  not  hastily  to  leap  to  conclusions. 
Fesiiua  lenU  is  a  good  motto — especially  as  regards  shell -beds. 

Glaroow,  Wth  June,  1896.  DuOALD  Bell. 

P.S. — By  the  way,  the  term  "  shell-bed  "  is  apt  to  be  misleadiuj]:. 
It  may  suggest  a  well-defined  layer  or  band  of  shells,  fairly  well 
preserved  ;  but  the  actual  "  find  '*  is  often  only  some  fragments 
scattered  here  and  there  throughout  the  cla^'ey  or  sandy  deposit,  as 
the  case  may  be. 

THOMAS  BEESLEY,  J. P.,   F.C.S. 

Boux  March  28th,  1818.  Died  May  15th,  1896. 

Thomas  Bebslet,  who  was  bom  at  Banbury,  commenced  business 
as  a  chemist  and  druggist  in  1844  at  Chipping  Norton  ;  two  years 
later  he  succeeded  to  a  similar  business  in  his  native  town,  and  from 
this  he  retired  in  1887.  He  wsts  a  man  of  great  literary  and 
scientific  culture,  expert  as  an  analyst,  and  one  who  had  a  wide 
acquaintance  with  botany,  archseology,  and  geology.  During  the 
past  thirty  years  he  gave  especial  attention  to  geology,  and  in  1872 
communicated  a  valuable  paper  on  the  geology  of  the  neighbourhood 
of  Banbury  to  the  Warwickshire  Naturalists*  Field  Club  (see  Geol, 
Mao.,  vol.  ix,  p.  279).  In  the  following  year  he  acted  with  Prof. 
Morris  in  directing  an  excursion  of  the  Geologists*  Association  to 
Banbury  (Proc.  Geol.  Assoc,  vol.  iii,  p.  197).  The  Lower  Lias  of 
Fenny  Compton  engaged  much  of  his  attention,  and  he  made  a  fine 
collection  of  fossils,  especially  of  Belemnites,  from  the  zones  of 
AmmoniteB  Jamesoni,  A,  armatuSf  etc.  (Proc.  Warwick  Nat.  Club, 
1877).  Later  on  he  gave  an  account  of  the  sections  exposed  on  the 
railway  between  Banbui-y  and  Chipping  Norton  ;  and  at  Easter, 
1878,  he  acted  in  conjunction  with  Mr.  Hudleston  in  directing  an 
excursion  of  the  Geologists*  Association  to  Chipping  Norton  (Proc. 
Geol.  Assoc,  vol.  v,  pp.  165,  378).  In  1883  he  announced  the 
discovery  of  a  new  local  fossil,  which  he  named  Discina  Gunnii ;  but 
as  the  fact  was  published  in  the  Banbury  Guardian  of  August  9th 
it  can  hardly  be  considered  as  a  proper  palseontological  record. 
Kind-hearted  and  genial  by  nature,  Mr.  Beesley  was  ever  ready  to 
give  help  and  information  to  those  who  sought  it,  and  his  memory 
will  be  cherished  by  all  who  had  the  happiness  to  know  him. 

H.  B.  W. 


It  is  with  deep  regret  that  we  have  to  record  the  death  of  Sib 
JosKPU  Prestwich,  D.G.L.,  F.H.S.,  F.G.S.,  F.C.S.,  which  took  place 
early  on  the  morning  of  the  23rd  June,  1896,  at  his  country  house, 
Darent  Hulme,  Shoreham,  by  Sevenoaks,  Kent,  in  his  84th  year. 
For  an  account  of  his  life  and  works,  with  an  excellent  portrait,  see 

le  Geological  Magazine,  Dec.  Ill,  Vol.  X,  June  1898,  pp.  241-6. 
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Skeleton  of  a  large  extinct  Rail, 
Diaphorapteryx   Hawkinsi,    Forbes. 
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I.— NoT«  ON  THE  Skeleton  op  Biaphoraptertx  Hawkinsi^  Fobbes, 

A   IiAROE   EXTINCT   RaIL   FROM   THE   ClIATHAM   IsLANDS. 
By  0.  W.  AiTDKBWB,  B.Sc.,  F.G.S.,  of  the  British  Museum  (Natural  Hiatory). 

(PLATE  XII.) 

IT  18  a  well-known  fact  that  many  islands  in  which  there  is  no 
indigenous  mammalian  fauna,  have  been,  and  in  some  cases  are 
Btill,  inhabited  by  flightless  birds,  which  are  usually  of  considerable 
size.  Mauritius  and  Rodriguez  are  good  examples  of  such  islands ; 
in  the  former  the  dodo  and  aphanapteryx.  in  the  latter  the  solitaire 
and  erytbromachus,  existed  at  least  as  late  as  the  beginning  of  tlie 
seventeenth  century,  when,  owing  to  their  inability  to  escape  from 
their  foes  by  flight,  they  fell  easy  victims  to  the  crews  of  ships 
touching  at  the  islands,  and  also  to  the  various  domestic  animals, 
such  as  dogs,  cats,  and  pigs,  introduced  by  man. 

A  notable  addition  to  the  ranks  of  such  islands  was  made  in  1892 
hy  Dr.  H.  O.  Forbes,*  by  his  discovery  of  the  remains  of  several 
forms  of  flightless  birds  on  the  Chatham  Islands.  This  group  lies 
in  the  South  Pacific,  about  500  miles  east  of  New  Zealand,  in  about 
latitude  44® ;  it  consists  of  one  large  island  ( Wharekauri)  and  several 
smaller  ones,  the  geological  structure  of  which  indicates  that  they 
form  part  of  an  old  continental  area,  and  are  not  oceanic  islands. 

The  birds,  as  might  be  expected,  belong  for  the  most  part  to 
species  found  also  in  New  Zealand,  but  such  characteristic  flightless 
forms  as  Aptornis,  Cnemiomis,  the  Dinornithidae,  and  Apteryx  are 
wanting.  Instead  of  these,  however,  we  find  Diaphorapteryx  Hate- 
hnsi,  a  large  extinct  coot  (Palaolimnas  Chathamensis),  and  Cahnlns 
Dieffenbachii,  all  of  which  are  now  extinct,  although  the  only  known 
specimen  of  the  last-named  was  killed  as  lately  as  1840.  Several 
species,  such  as  Palaocorax  moriorum,  in  which  the  wings  had  not 
undergone  reduction,  likewise  occur  in  a  fossil  condition  only.  The 
hones  are  usually  found  either  in  the  kitchen  middens  of  the 
aboriginal  Moriori  or  in  the  blown  sands  round  the  coast. 

^  Nature,  vol.  xlv,  p.  580. 
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The  most  interesting  of  the  extinct  flightless  birds  discovered  by 
Forbes  is  Diaphorapteryx  Hawkin$if  a  nearly  complete  skeleton  of 
which  is  figured  on  Plate  XII.  This  remarkable  bird  is  a  rail 
closely  allied  to  Ocydromus^  of  which  several  species,  all  incapable  of 
flight,  inhabit  New  Zealand.  It  is  also  very  similar  to  Aphanapteryx 
Broeckiy  of  Mauritius — indeed,  Forbes  has  referred  it  to  the  same 
genus,  although  for  a  time  he  placed  it  in  a  separate  one,  Diaphov' 
apteryx.  In  a  detailed  account  of  the  osteology  of  this  bird  by  the 
present  writer,^  it  was  shown  that  it  differed  from  Aphanapteryx  in 
many  points,  particularly  in  the  form  of  its  metatarsus,  and  the  name 
Diaphorapteryx  was  therefore  adopted  ;  in  a  recent  memoir  by  Prof. 
A.  Milne  Edwards'  on  some  of  the  Chatham  Island  birds  the  same 
conclusion  is  arrived  at. 

The  skeleton  here  figured  consists  almost  entirely  of  bones  be- 
longing to  one  individual,  but  the  deficiencies  have  been  made  good 
from  the  immense  collection  of  bird -remains  lately  obtained  from  the 
Chatham  Islands  by  the  Hon.  Walter  Rothschild,  in  whose  museum 
at  Tring  the  present  specimen  is  preserved.  The  skull  is  chiefly 
remarkable  on  account  of  its  relatively  large  size  and  long  curved 
beak.  In  the  vertebral  column  as  mounted  there  are  twenty-three 
free  vertebrae,  thirteen  of  which  are  cervicals,  two  cervico-dorsals 
(with  short  free  ribs),  and  eight  dorsals ;  the  number  of  cervicals  is 
no  doubt  correct,  but  it  is  possible  that  a  dorsal  too  many  may  have 
been  introduced.  The  pelvis,  as  in  most  flightless  birds,  is  relatively 
large ;  it  is  very  similar  to  that  of  Oeydromtu.  The  pelvis  figured  by 
Milne  Edwards  in  the  memoir  mentioned  above  (pi.  xi,  fig.  7 ;  pi.  xii, 
figs.  1  and  2)  is  certainly  not  that  of  Diaphorapteryx,  or,  indeed,  of 
any  rail,  but  seems  rather  to  belong  to  some  anserine  bird.  The 
hind  limbs  are  long  and  powerful,  well  adapted  for  running,  and 
also,  judging  from  the  stoutness  of  the  metatarsus,  for.  scratching  in 
the  earth.  In  AptomtB^  the  metatarsus  is  even  more  massive,  so  that 
in  this  respect,  as  in  several  others,  Diaphorapteryx  comes  midway 
between  that  bird  and  the  living  Ocydromine  rails.  The  sternum  is 
very  like  that  of  Ocydromus,  but  the  keel  is  still  more  reduced.  The 
coracoids  are  very  small,  and  appear  to  have  made  an  obtuse  angle 
with  the  scapulse,  as  is  usually  the  case  in  birds  incapable  of  flight 
The  wings  are  very  small  in  proportion  to  the  bulk  of  the  bird,  the 
metacarpus  especially  being  extremely  short. 

I  am  indebted  to  the  Hon.  Walter  Rothschild'  for  permission  to 
figure  this  specimen,  and  also  to  my  colleague,  Mr.  A.  Gepp,  for  the 
photograph  reproduced. 

>  **0n  the  Extinct  Birds  of  the  Chatham  Islands."     Pt.  I.  The  Osteology  of 
Diaphorapteryx  Hawkinsi. — Novitates  Zoologicte,  vol.  iii  (1896),  p.  73,  pi.  iii. 

'  **  Snr  les  Ressemhlances  qui  existent  entre  la  Faune  des  lies  Mascareignes  et 
cellfi  de  oertaines  lies  de  T Ocean  Pacifique  Austral*':   Ann.  Sci.  Nat.  (Zoologie), 
viii,  vol.  ii,  p.  117,  pis.  xi-xv. 

skeleton  of  Jptornis  defosaor  was  figured  ahout  one-sixth   natural  size  on 
X  of  the  present  volume. 
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n. — ^Thb  Origin   op  Nitrate   in  Chil^ 
By  Dr.  William  Nbwton,  F.I.C,  F.C.S. 

PROM  the  first  discovery  of  nitrate  in  these  provinoes  it  has  heen 
an  interesting  question  as  to  what  oaused  it  to  oome  into  exist- 
ence here  in  such  abundance,  and,  as  far  as  our  present  knowledge 
goes,  nowhere  else  in  the  world  in  such  quantities. 

Many  theories  have  been  formed  attempting  to  explain  the  presence 
of  these  deposits  of  nitrate ;  the  most  popular,  and  a  theory  also 
accepted  in  scientific  works,  being,  that  in  past  ages  the  nitrate 
pampas  were  sea-beaches,  and  that  an  enormous  quantity  of  sea- 
weed was  piled  up  on  them.  In  course  of  time  these  beaches  were 
elevated  above  sea-level  and  the  seaweed  deooraposed,  leaving  its 
nitrogen  in  the  state  of  nitrate  and  its  small  quantity  of  iodine  as 
iodate.^ 

Darwin  suggests  that  the  plain  of  Tamarugal  was  either  a  lake  or 
an  arm  of  the  sea.  If  it  were  an  arm  of  the  sea,  he  at  once  jumps 
bis  previous  estimate  of  400  feet  elevation  of  the  coast  of  Peru  to 
3,000  feet  and  over.  The  sea-shells  which  he  notes  are  only  found 
with  caliche  (the  raw  nitrate)  in  one  or  two  places  where  the  nitrate 
bed  is  in  contact  with  the  Chalk,  and  are  evidently  the  remains  of 
organisms  from  that  formation.  It  is  unfortunate  that  in  the  great 
naturalist's  short  visit  to  the  nitrate  districts,  he  was  apparently  not 
informed  of  the  periodical  floods  which  come  down  from  the 
Cordilleras  on  an  average  about  every  seven  or  eight  years,  and 
flood  the  whole  of  the  plain  for  a  short  time. 

The  present  surface  soil  of  the  pampa  is  evidently  due  to  the  silt 
carried  by  these  floods,  and  as  far  as  borings  have  gone  the  under- 
layers  of  alluvial,  and,  indeed,  the  whole  filling  up  of  the  valley,  are 
due  to  the  same  periodical  action. 

Apparently  the  plain  has  never  been  the  bed  of  a  lake,  at  any  rate 
in  geological  times  commensurate  with  the  soluble  surface  deposits, 
unless  these  occasional  floods  can  be  called  lakes. 

The  origin  of  this  sea  and  seaweed  theory  is  chiefly  due  to  the 
fact,  that  previous  to  the  time  of  producing  iodine  from  nitrate 
liquors,  the  only  source  of  iodine  was  **  kelp,"  the  ash  of  burnt  sea- 
weed. The  decomposition  of  seaweed,  as  also  all  organic  matters 
under  certain  circumstances,  does  produce  nitrate.  The  presence  of 
large  salares  on  the  pampas,  in  proximity  to  the  nitrate,  also  gives 
colour  to  the  idea  of  the  former  presence  of  the  sea. 

But  one  must  bear  in  mind  that  even  the  salt  of  the  sea  is  derived 
originally  from  the  washings  of  the  land.  There  is  no  more  reason 
to  suppose  the  salares  are  evaporated  sea-water  than  that  any  of  the 
inland  salt  lakes  of  the  world  were  originally  connected  with  the  sea. 
Inland  salt  lakes  derive  their  salt  from  the  washings  of  the  soil  sur- 
rounding them.  The  water  running  into  the  lakes  may  not  be  very 
salt,  but  if  there  be  no  outlet  from  the  lake,  the  constant  evaporation, 
especially  in  hot  climates,  gradually  concentrates  the  salt  in  them, 
sometimes  all   the  water  being  evaporated  and  only  a  salar  left. 

*  Darwin's  **  Naturaliat's  Voyage** ;  Watta*  **  Dictionary  of  Chemistry,  etc.** 
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Salares  are  also  formed  by  the  water  below  the  surface  of  the  soil 
being  drawn  up  by  capillary  attraction  and  constantly  evaporated, 
giving  place  to  fresh  supplies  and  evaporation. 

To  the  seaweed  theory  of  the  formation  of  nitrate  there  are  at 
least  three  insurmountable  objections.  The  first  is  that  seaweed 
contains  bromine  as  well  as  iodine.  Most  of  the  caliche  in  this 
province  does  not  contain  bromine,  as  it  would  have  done  if  it  were 
derived  from  seaweed.  There  is  no  pn)cess  in  nature  which  could 
completely  separate  bromides  from  a  mixture  of  iodates,  chlorides,  and 
nitrates.  Secondly,  there  are  seldom  sea-shells  or  other  sea  debris 
in  or  near  the  nitrate  deposits.  There  would  necessarily  be  these  if 
it  had  been  a  sea  deposit.  Thirdly,  the  stones  in  the  ceJiche  and  its 
neighbourhood  are  sharp  and  jagged,  showing  no  signs  of  being 
water- worn,  as  they  would  do  if  they  had  existed  on  a  sea-beach. 

There  is  another  suggestion  which  finds  much  favour — that  is,  that 
nitrate  may  have  been  derived  from  the  decomposition  of  ancient 
guano  deposits.  As  evidence  towards  this,  is  put  forward  the 
presence  of  birds  and  their  remains  in  the  caliche.  These  birds 
have,  however,  apparently  been  always  insignificant  in  numbers. 
The  same  birds  exist  at  the  present  day,  building  their  nests  in 
crevices  in  the  ground,  and  they  have  sometimes  been  blown  up 
alive  in  the  caliche ras.  Their  guano,  although  in  a  few  spots  on 
the  pampa  rather  prominent,  is  in  reality  little  more  than  a  colour, 
and  the  amount  of  nitrate  which  could  be  produced  from  it  must  be 
more  insignificant  than  that  of  the  village  sewage.  The  great  dis- 
proof of  the  guano  theory,  however,  is  that  we  find  no  accumulation 
of  phosphate  which  would  necessarily  occur  in  a  corresponding 
amount  to  the  nitrate,  if  this  idea  were  true. 

There  are  other  theories  also  put  forward  to  explain  the  caliche 
deposits,  which  are  scarcely  worth  discussing,  among  them  being 
one  attributing  the  presence  of  nitrate  vaguely  to  some  volcanic 
action.  The  well-known  principle  in  scientific  investigations, 
**  Never  to  invent  exceptional  theories  as  long  as  the  ordinary 
workings  of  nature  are  sufficient  to  explain  the  facts,"  should  be 
applied  in  this  case. 

Nitrate  exists  in  small  quantities  all  over  the  world,  in  every 
fertile  soil.  Vegetation  cannot  grow  without  it.  How,  then,  does 
it  originate  in  these  ordinary  soils  ?  It  originates  from  the  oxidation 
of  the  organic  materials  and  ammonia  in  the  soil.  This  oxidation 
is  brought  about  by  the  action  of  microscopic  organisms,  called 
"  nitrifying  germs.** 

Prof.  Warington  by  his  experiments  has  shown  that  the  most 
favourable  conditions,  for  the  active  life  and  work  of  these  nitri- 
fying organisms,  is  a  porous  soil  containing  plenty  of  vegetable  or 
animal  organic  matter,  together  with  sulphate  of  lime  and  an  alkaline 
base  such  as  carbonates  of  potash,  soda,  or  lime.  Given  a  soil  of 
this  character,  the  amount  of  nitrate  produced  by  the  action  of  these 
organisms  will  vary  with  the  temperature;  the  rate  of  manufacture 
of  nitrate  being  more  rapid  in  a  high  summer  temperature,  and 
diminishing  as  the  weather  gets  colder. 
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Tn  ordinary  agricultural  soils,  unless  they  are  lying  fallow,  this 
nitrate  is  greedily  absorbed  by  the  plant  almost  as  fast  as  it  is 
produced.  In  fact,  except  in  the  case  of  leguminous  crops  (clover, 
beans,  peas,  etc.),  it  is  almost  certain  that  the  plant  can  only  absorb 
the  nitrogeneous  food  necessary  for  its  growth  when  it  is  in  the  form 
of  nitrate. 

Now,  in  the  enormous  plain  of  Tamarugal  we  have  a  porous 
alluvial  soil  containing  organic  matter,  chiefly  of  ancient  vegetable 
origin.  The  soil  contains  also  sulphate  of  lime  and  is  basic  in  its 
nature,  the  water  percolating  through  it  containing  carbonate  of  soda. 
The  temperature  is  high,  and,  in  fact,  we  have  all  the  conditions 
which  Prof.  Warington  has  pointed  out  as  favourable  to  the  rapid 
conversion  of  the  nitrogen  of  organic  matter  into  nitrate.  On 
account  of  the  absence  of  rain  in  this  district,  there  is  now  no 
growing  vegetation  to  absorb  the  nitrate,  and  therefore  it  must 
accumulate. 

Now  let  us  look  at  the  conformation  and  situation  of  the  plain  of 
Tamarugal.  On  one  side  we  have  the  high  Cordilleras  running  north 
and  south ;  then  we  have  this  alluvial  plain  about  30  to  40  miles  wide 
with  a  very  gradual  downward  slope  to  the  west,  where  it  is  again 
shut  in  by  the  coast-line  of  hills  running  practically  parallel  to  the 
Cordilleras.  The  waters  of  the  western  side  of  the  Cordilleras  have 
no  escape,  except  by  passing  through  the  soil  of  the  plain.  At  the 
western  side  of  the  plain  the  waters  are  stopped  by  the  coast-line  of 
hills,  forming  a  complete  wall  from  north  to  south.  At  the  foot  of 
the  eastern  or  landward  side  of  this  wall  of  hills,  some  thirty  miles 
from  the  sea,  and  at  the  lowest  about  2,500  feet  above  sea-level, 
these  drainage  waters  of  the  plain  gather  and  evaporate,  giving  up 
all  the  salts  they  have  dissolved  in  their  long  passage  through  the 
soil.  The  mountain  floods  which  swamp  the  plain  of  Tamarugal,  at 
intervals  of  seven  or  eight  years,  are  chiefly  responsible  for  the 
transportation  of  nitrate  from  the  superficial  layers  of  the  pampa 
soil.  It  is  along  the  line  at  the  foot  of  these  hills  that  all  the  nitrate 
grounds  are  situated.  Their  situation,  always  on  the  landward  side, 
18  an  indication  that  the  caliche  is  derived  from  the  land,  and  in 
itself  almost  an  absolute  disproof  of  the  guano  or  seaweed  theories. 
The  occurrence  of  the  nitrate  so  often  up  the  first  slopes  of  the  hills 
seems  at  first  view  strange.  But  we  can  see  by  a  simple  experiment 
how  this  could  have  happened.  If  we  put  some  nitrate  or  salt  dis- 
solved in  water  in  a  saucer,  and  allow  it  to  evaporate,  we  shall 
see  that  immediately  it  has  evaporated,  so  far  as  to  become  a  saturated 
solution,  the  deposit  of  crystals  of  nitrate  or  salt  begins  to  creep  up 
the  sides  of  the  saucer  and  even  over  and  down  the  other  side — just 
as  the  caliche  has  crept  up  the  lower  slopes  of  the  hills  through  the 
porous  earthy  strata  known  in  Chili  as  cova  and  congelo. 

This  origin  of  nitrate  is  important,  amongst  other  reasons,  because 
one  of  the  great  drawbacks  to  the  sale  of  this  material  is  that 
many  farmers  look  on  it  with  prejudice,  calling  it  an  artificial  or 
chemical  manure.  It  ought  to  increase  its  sale,  when  it  is  proved 
to  them  that,  instead  of  being  an  artificial  manure,  it  is  in  reality 
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the  concentrated  fertility  of  the  thousands  of  square  miles  of  land 
between  the  watershed  of  the  Cordilleras  and  the  ooast-Iine  of  hills. 

The  plain  of  Tamarugal  is  a  huge,  practically  inexhaustible  reser- 
voir of  nitrate.  And  this  nitrate  has  been  gradually  washed  down 
to  its  western  or  lower  side,  llie  alluvial  of  this  belt  of  country  is 
on  an  enormous  scale ;  the  same  thing  as  the  heaps  of  mud,  organic 
refuse,  and  lime  which  the  French  farmers  were  by  law  compelled 
to  make  in  the  time  of  Napoleon  I,  in  order  that  these  heaps  should 
ferment,  and  on  washing  yield  nitrate  for  gunpowder. 

There  are  some  very  important  questions  for  Chile  and  the  nitrate 
officinas  which  arise  from  the  above  facts.  Among  them  are :  How 
far  does  the  present  supply  of  water  tend  to  deposit  nitrate  again  in 
the  same  grounds  ?  Can  this  action  be  assisted  and  accelerated  by 
artificial  means  ? — such  as  uncovering  the  ground  down  to  suitably 
porous  strata  and  allowing  the  sun  to  have  its  full  evaporative  action, 
collecting  the  nitrate  as  in  the  saltpetre  soils  of  India  and  Burmah. 


III.— On  the  Existbnob  of  Rich  Phosphate  of  Limb   in  the 

London  Basin. 

By  M.  N.  DB  Mbrcby,  Collaborateor  au  Seirice  de  la  Carte  G^logique  de  France. 

THE  proof  which  I  gave  in  June,  1891,*  of  the  production  of 
**  rich  phosphate  "  by  enrichment  of  phosphatic  chalk  through 
the  influence  of  the  Tertiary  deposit  called  **  bief,"  enabled  us  to 
foresee  the  existence  of  similar  rich  phosphate  in  the  London 
Basin ;  since  phosphatic  chalk,  analogous  to  that  which  I  had 
described  or  discovered  in  Picardy,  especially  at  Hardivilliers  and 
Hallencourt,  had  been  discovered  by  Mr.  Strahan  and  described 
by  him  in  an  interesting  paper  <*0n  a  Phosphatic  Chalk  with 
Behmniiella  quadrata,**^ 

I  have  recently  examined  the  Taplow  chalk,  and  am  indebted 
for  facilities  for  doing  this  to  Mr.  Grenffll,  on  whose  property 
it  occurs.  This  examination  enables  me  to  record  the  existence  (»f 
''rich  phosphate"  occurring  under  precisely  the  same  conditions 
as  in  the  French  localities. 

At  Taplow,  as  in  Picardy,  the  rich  phosphate  must  be  regarded 
as  a  product  concentrated  from  the  phosphatic  chalk  under  the 
influence  of  the  deposit  at  the  base  of  the  I'ertiaries.  The  rich 
phosphate  occura  as  a  sand  of  pale  chamois  colour,  in  a  pocket 
similar  to  the  pockets  in  the  Chalk  of  Picardy. 

The  pocket  at  Taplow  with  the  rich  phosphate  occurs  at  about 
two  metres  from  the  surface  of  the  soil,  and  under  a  Tertiary 
deposit.  The  central  part  of  the  pocket  is,  as  usual,  filled  with 
reddish  sand,  quartzose  and  argillaceous,  and  more  or  less  agglu- 
tinated, the  siliceous  element  being  in  grains  or  fragments,  worn 
and  rounded.  1'he  rich  phosphate  occupies  the  bottom  of  the 
pocket  to  a  thickness  of  1  metre  50  centimetres,  and  with  a  diameter 
of  about  1  metre.     An  analysis  of  the  phosphate  gave  30  per  cenL 

*  Bull.  Soc.  Geol.  France,  3«»  s^r.,  t.  xii,  p.  867  et  seq. 
^  Quart.  Journ.  Geol.  Soc,  vol.  xlvii,  p.  3dti. 
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of  pbosphorio  acid,  corresponding  to  65*40  per  cent,  of  phosphate  of 
lime.  The  proportion  of  iron  and  alumina  is  only  1*51  per  cent. 
Here,  then,  we  have  in  the  London  Basin  the  same  kind  of  rich 
pbosphate  which  is  worked  in  Picardy.^ 


IV. — Clays,     Shales,     and     Slates. 

By  W.  Matxaud  Hutchings,  F.G.S. 
{Concluded  from  the  July  Number ^  p.  317.) 

I  HAVE  recently  been  examining  a  series  of  specimens  of 
Silurian  slates  from  Scotland,  specially  collected  because  of 
the  very  intense  shearing  they  have  undergone.  These  and  the 
accompanying  other  rocks  are  all  crushed  and  torn  out  in 
a  most  remarkable  degree,  and  the  microscope  shows  how  severely 
their  constituents  have  been  acted  upon  mechanically.  Yet  the 
crystalline  and  mineralogical  development  is  seen  to  be  but  very 
moderate  indeed.  The  micaceous  mineral  is  all  in  one  plane, 
and  transverse  sections,  in  polarized  light,  show  that  it  is  a  felted, 
wavy,  and  puckered  mass  of  interwoven  flakelets,  with  chloritic 
substance  intimately  dififused  among  it,  and  still  more  apparent 
in  separate  little  streaks  and  lentides.  The  small  amount  of 
quartz  present  is  rolled  oat  into  long,  thin  lenticles  also.  But  the 
niicaceous  mineral  itself  is  not  at  all  far  advanced,  either  as  to  size 
of  its  flakes  or  the  nature  of  the  mineral.  It  is  still  an  impure, 
rather  deeply-coloured  greenish-yellow  substance ;  not  any  of  it  has 
arrived  at  the  stage  of  muscovite,  and  dehydration  shows,  in  a 
remarkable  manner,  how  very  considerable  its  impurity  still  \». 
In  its  original  condition,  the  slate  gives  sections  which  present 
a  very  uniform  appearance  under  the  microscope.  The  colour  is 
the  same  all  over,  and  the  only  indication  of  the  presence  of  bniids 
of  varying  nature  is  found  in  a  very  slight  increase,  in  some  layers, 
of  the  coarseness  of  grain  and  of  the  number  of  quartz-lenticles, 
and  in  the  dififusion  of  the  chloritic  substance.  But  after  heating 
the  specimen,  the  effects  seen  in  the  sections  are  most  striking. 
There  are  now  many  bands  of  different  colours,  yellow,  red,  greenish- 
brown,  and  brown,  presenting  very  strong  contrasts,  and  showing 
that  noticeable  differences  in  chemical  composition  must  have  existed 
in  different  thin  layers  of  the  seemingly  homogeneous  slate.  Not 
only  the  interwoven  chlorite,  but  also  the  micaceous  mineral,  has 
taken  on  these  tints  in  very  decided  degrees.  It  must  have  been 
unusually  impure.  It  has  lost,  after  heating,  nearly  all  its  action  in 
polarized  light. 

'Jlie  lenticles  and  the  small  grains  of  quartz  have  also  become 
much  more  apparent  than  before  heating,  and,  indeed,  this  case 
serves  as  a  good  example  of  how  useful  this  method  can  be  made 
in  assisting  us  to  obtain  a  knowledge  of  the  nature  of  rocks  of 
this  class. 

*  A  Bpecimen  of  the  "  rich  phosphate  **  of  Taplow  was  exhibited  at  the 
Geologists'  Awociation  at  the  meeting  on  July  3,  1896,  and  is  now  placed  in 
the  ^luseum  of  Practical  Geology. 
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Analysis  shows  a  specimen  of  ibis  slate  to  contain  4*96  per  cent. 
of  total  alkali,  a  total  amount  of  iron  equal  to  7*64  per  cent,  of 
ferric  oxide,  and  6'24  per  cent,  of  magnesia.  This  last  is  an 
unusually  high  figure  for  a  slate  of  this  class.  It  would  correspond 
to  a  large  amount  of  chloritio  mineral,  and  the  heating  shows  that 
a  good  deal  more  of  such  mineral  is  present  than  is  made  evident  in 
ordinary  sections ;  but  still  there  is  not  enough  to  account  for  80 
much  magnesia,  and  no  doubt  much  of  the  latter  is  combined  in  the 
micaceous  mineral. 

Although  these  slates  have  resulted  from  very  fine-grained 
deposits,  there  are  still  some  small  flakes  of  clastic  muscovite 
unmistakably  recognizable  in  the  ordinary  sections,  and  still  more 
so  in  the  dehydrated  ones ;  and  these  seem  strikingly  to  emphasize, 
by  contrast,  the  above  points  as  to  the  nature  of  the  main  mas8  of 
the  new  micaceous  mineral  of  the  rocks.  The  mere  fact  that  these 
few  small  clastic  flakes  are  still  so  distinct  from  the  main  utass, 
shows  how  little  progress  in  development  has  been  made,  compared 
with  what  we  see  in  more  regenerated  slates,  in  which  great 
quantities  of  new  muscovite  have  been  formed,  and  in  which 
original  clastic  flakes  have  either  been  absorbed  into  the  newly- 
formed  materials  or  are  quite  unrecognizable  among  them.  In  fact, 
if  we  compare  these  ancient  and  intensely  sheared  slates  with  some 
of  the  sections  of  shales  previously  alluded  to,  we  see  that  the  mica 
in  them  is  practically  the  same  as  that  in  the  more  crystalline  and 
felted  bands  which  we  have  observed  in  the  shales. 

The  same  applies  to  strongly-sheared  Cambrian  slates  from 
Saxony,  and  to  many  other  examples  studied. 

All  this  emphasizes  the  fact,  frequently  pointed  out,  that  intense 
dynamic  action,  even  allowing  for  its  influence  being  added  to  and 
associated  with  that  of  depth -conditions,  does  not  necessarily  bring 
about  any  commensurate  effects,  other  than  purely  mechanical  ones, 
in  rocks  similar  in  chemical  and  mineralogical  composition,  and 
in  nature  of  origin,  to  others  which  we  see  very  highly  developed. 

If,  now,  we  turn  to  the  question  of  the  development  of  rocks  in 
"contact-areas,"  it  will  be  advisable,  for  our  present  purposes,  to  fix 
our  attention,  not  so  much  upon  the  more  intensely  altered  examples, 
with  a  large  formation  of  special  contact-minerals,  as  upon  those 
which  are  less  affected  in  this  way,  in  which  we  can  observe  the 
increase  in  the  regeneration  of  the  already  existing  micaceous  con- 
stituent, with  the  further  separation  and  rearrangement  of  the 
chloritio  substance. 

In  a  considerable  proportion  of  cases  we  have  a  formation  of 
brown  mica  in  quite  early  stages  of  the  metamorphism,  and  this 
partly  complicates  the  subjects  to  which  we  are  at  present  paying 
attention,  as  the  chloritio  substanoe  may  be  largely,  or  even  wholly, 
used  up  in  the  production  of  this  brown  mica.  This  formation  of 
brown  mica  also  considerably  obscures  the  white  mica,  and,  indeed, 
there  seem  to  be  cases  in  which  the  impure  complex  mineral  of  the 
slates  is  altered,  at  once  and  directly,  into  a  pale-brown  mica  which 
is  something  intermediate  between  muscovite  and  biotite. 
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Bot  we  can  find  examples  enough  of  con  tact- slates  in  which  brown 
mica  and  ohloritio  mineral  are  developed  together,  and  accompanying 
a  recrystallization  of  the  micaceous  mineral  to  muscovite;  or  we 
may  have  rocks  in  which  a  very  high  degree  of  recrystallization 
has  been  reached  without  any  brown  mica  being  formed  at  all. 
In  such  rooks  we  see,  among  the  main  mass  of  the  slate-mica,  the 
crystallization  of  undoubted  muscovite,  at  all  angles  to  the  plane 
in  which  the  slate-mic^  lies  fiat ;  and  we  may  see  this  in  all  degrees 
up  to  the  point  at  which  we  get  a  completely  regenerated  rook, 
consisting  mainly  of  a  oriss-oruss  mass  of  muscovite-fiakes  and 
crystals.^ 

The  newly-formed  chloritic  mineral  is  often  seen  to  take  a  degree 
of  crystalline  development  and  of  individualization  proportionate 
to  that  taken  by  the  mica ;  where  this  latter  mineral  forms  sharply- 
bounded  plates,  they  are  not  infrequently  grown  together  with 
equally  sharply-defined  individuals  of  chlorite,  sometimes  one  of 
each,  sometimes  one  sandwiched  between  two  of  the  other,  and 
clearly  crystallized  under  the  same  conditions  and  at  the  same  time. 
We  also  see  the  chloritic  matter  sometimes  take  the  form  of 
larger  indefinite  bodies,  in  which  crystals  of  muscovite  lie  in  all 
directions,  their  cross- sections  giving  a  structure  exactly  comparable 
to  the  "ophitio"  of  igneous  rocks;  or  again,  we  see  it  jammed  in 
the  angles  among  intercrossing  mica  crystals,  in  just  the  manner 
which  is  called  "  intersertal  "  in  the  case  of  the  ground-mass  of 
basalts,  eta  ;  all  these  structures  distinctly  showing  the  simultaneous 
origin  of  the  two  minerals. 

In  studying  these  recrjstallizations  due  to  contact -action,  we 
come  again  upon  the  question  of  the  '*  spots  "  which  are  so  frequently 
found  largely  produced  in  just  those  less  highly  altered  portions 
of  contact-areas  which  we  are  now  considering.  About  two  and 
a  half  years  ago  I  made  some  remarks  and  suggestions  on  these 
little-understood  spots  (Geological  Magazine,  Jan.  and  Feb.  1894). 
Since  then  I  have  paid  a  good  deal  of  attention  to  the  subject, 
and  examined  a  large  amount  of  material,  the  result  being,  I 
hope,  to  throw  a  little  more  light  on  their  nature  and  mode  of 
origin,  and  to  connect  a  large  part  of  them  with  the  processes  of 
rock-development  which  I  have  endeavoured  to  outline  above. 
In  the  paper  in  question  I  wished  to  show  what  good  reasons 
we  have  for  a  conviction  that  the  striking  recrystallizations  we  see 
in  contact-rocks  are  brought  about  by  the  means  of  some  sort  of 
mineral  solution  which  is  formed  in  the  sedimentary  rock ;  the 
components  of  the  original  materials  of  the  rock  being  more  or 
less  taken  up  into  this  solution,  and  again  crystallized  out  of  it  in 
new  forms  of  the  same  or  other  minerals.^ 

*  By  crystals  are  here  meant  those  individuals  of  muscovite  which  stand  out  in 
distinct  and  definite  plates,  with  perfectly  parallel  edges,  sharply  marked  off  from 
anv  more  confused  mass  of  irregular  Hakes. 

*  For  the  consideration  of  the  question  here  involved,  it  is  quite  immaterial 
whether  this  solution  is  formed  entirely  by  the  action  of  heat  and  couUiintd  wat**r  on 
some  of  the  components  of  the  sedimeutiiry  ruck,  or  whether  it  has  received  additions 
in  the  form  of  alkaline  liquids  from  the  intruded  igneous  mass. 
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I  suggested,  tentatively,  that  some  of  the  "  spots  "  were  possibly 
due  to  portions  of  this  solution,  which,  in  the  outer  portions  of  the 
contact-aureoles,  ''would  tend  t-o  draw  together  as  little  spots  and 
patches,"  and  so  consolidate  among  the  other  ingredients  of  the  rock. 
3  still  think  that  this,  to  a  considerable  extent,  expresses  the  state 
of  the  case;  but  that  it  needs  a  little  amplification.  These  spots, 
although  in  the  outer  contact-areas,  do  not  occur  except  where 
a  decided  amount  of  recrystallization  is  already  taking  place.  This 
recrydtallization,  as  we  have  seen,  consists  largely  in  a  development 
towards  muscovite,  with  a  rejection  of  the  chloritic  constituents  of 
the  original  micaceous  mineral.  These  constituents  pass  over  into 
the  solution  which  permeates  the  rock,  and  are  themselves,  in  these 
eases,  deposited  out  of  this  solution,  and  with  residual  portions  of 
it,  in  the  manner  suggested  to  form  the  "  spots." 

I  formerly  described  in  detail  the  nature  and  appearance  of  many 
of  these  ''  true  spots "  in  several  occurrences.  They  are,  in  fact, 
due  simply  to  another  form  of  the  concurrent  separation  from  the 
slate-mica  of  purer  mica  and  of  chloritic  bodies.  Like  the  inter- 
woven chloritic  matter,  they  vary  in  all  degrees  of  green  and  yellow 
tints,  and  some,  again,  are  almost  colourless  in  thin  sections.  They 
vary  also  in  degree  of  optic  activity  in  a  similar  manner ;  we  get 
spots  of  true  chlorite,  and  we  get  all  gradations  from  this  of 
apparently  quite  indefinite  compounds. 

The  frequent  aggregation  in  the  spots  of  iron-ores,  of  ilmenite- 
flnkes,  of  rutile,  anatase,  etc.,  is  to  a  large  extent  part  of  the  same 
process  of  separation  and  recrystallization  of  formerly  combined 
materials. 

In  my  former  notes  I  urged  that  it  was  desirable  to  make  a  strict 
separation  between  *'  true  spots  "  and  certain  indefinite  grains,  or 
imperfect  crystals,  of  particular  minerals.  But  this  opinion  I  would 
now  modify  and  partly  withdraw,  after  more  extended  observation. 
One  sees  so  many  cordierite  grains  which  exactly  resemble  spots 
in  mode  of  occurrence ;  and  here  and  there  one  sees  such  clearly 
apparent  cases  of  gradual  transition  from  chloritic  spots  into  definite 
cordierite,  that  a  strict  separation  is  not  practicable.  The  passage 
from  a  chloritic  substance  to  cordierite  does  not  require  any  qualita- 
tive  change.  It  only  needs  the  removal  of  water,  and  a  certain 
degree  of  molecular  interchange  with  a  permeating  solution;  and 
thus  we  so  often  see  the  occurrence  together  of  chloritic  and 
cordieritic  spots,  or  the  giving  way  of  the  former  to  the  latter  as 
the  contact-action  increases  in  intensity. 

Similar  considerations  apply  to  staurolite,  but  the  transition  is 
not,  in  any  case  that  I  know  of,  so  apparent ;  nor  does  this  mineral 
occur  nearly  so  fretjuently  as  cordierite. 

Again,  spots  of  chloritic  nature  pass  over  in  a  similar  manner  into 
biotite,  and  here  also  no  line  can  be  drawn  ; — the  biotite  is  often  as 
truly  a  spot  as  is  the  chloritic  substance. 

We  may  thus  satisfy  ourselves,  by  examination  of  a  sufficient 
number  of  contact-slates,  that  here,  again,  the  main  change  in  them, 
in  their  earlier  stages,  before  we  come  to  the  more  iatense  actions 
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of  the  inner  zones,  is  based  upon  this  same  tendency  of  the  micaoeous 
mineral  to  take  higher  development  and  to  reject  some  coDstitueuts ; 
and  that  to  these  rejected  constituents  is  due  the  formation  of 
chlorite  and  allied  bodies  (often  taking  the  form  of  '* spots"), 
of  biotite,  of  cordierite,  and  of  staurolite.  And  we  may  note  that 
even  in  very  moderate  degrees  of  contact-action,  we  can  get  effects 
which  are  not  in  any  way  approached  by  those  of  some  very  intense 
manifestations  of  dynamic  action. 

As  regards  the  third  agency  for  the  crystalline  development 
of  slates,  it  is  not  possible  to  say  much,  because  direct  evidence  of 
any  value  is  practically  absent,  excepting  what  is  rather  on  the 
negative  side.  That  is  to  say,  we  have  plenty  of  cases  in  which 
we  know  that  rocks  have  been  at  one  time  under  enormous 
thicknesses  of  cover,  so  that  if  simple  depth -conditions  could  bring 
about  the  sort  of  crystalline  development  we  are  considering, 
we  might  look  for  its  very  marked  appearance;  yet  we  do  not  see 
any  striking  degree  of  it,  but  only  such  very  moderate  stages  as  we 
have  already  noted  in  some  of  the  sheared  slates. 

On  the  other  hand,  we  have  rocks  in  which  such  development 
is  carried  to  a  very  high  point,  in  a  manner  closely  paralleled  in 
oontact-areas,  but  without  any  proof  at  all  of  contact-action,  and 
with  strong  evidence  in  the  rocks  themselves  that  this  development 
w£ts  not  accompanied  by  crushing  and  shearing.  We  cannot  here 
deny  the  possibility  that  what  we  see  is  the  result  of  simple  depth- 
conditions  ;  but  it  is  quite  opeii  to  us  to  say  that  a  much  more 
probable  cause  is  the  action  of  concealed  igneous  masses ;  and, 
indeed,  this  view  seems  rather  the  more  rational,  having  regard 
to  the  strong  evidence  for  the  very  moderate  eflfects  of  depth- 
conditions,  either  alone  or  together  with  dynamic  action. 

We  can  only  leave  this  question  an  open  one,  awaiting  further 
evidence ;  and  simply  note  the  fact,  that  where  we  have  these  cases 
of  high  development,  not  directly  accounted  for,  they  are  always  on 
the  same  lines  exactly  as  in  contact-areas,  and  are  often  plainly 
not  dynamic. 

The  main  point  important  to  emphasize  in  all  such  observations 
appears  to  be  that  both  in  contact-development,  and  in  this  develop- 
ment which  we  cannot  definitely  ascribe  to  contact-action,  we 
always  get  more  or  less  of  a  decided  advance  to  muscovite ; 
whereas,  in  so  many  cases  of  intense  dynamic  action,  we  see  that 
the  micaoeous  mineral  is  not  nearly  so  far  advanced.  There  has 
been  some  progress,  but  it  does  not  seem  to  be  able  to  go  beyond 
very  moderate  limits,  and  it  leaves  the  slate  with  an  impure  mass 
of  felted  mica,  of  complex  nature,  among  which  no  well-marked 
separate  flakes  and  crystals  have  begun  to  develop  themselves. 
Moreover,  even  this  very  moderate  degree  of  progress  we  cannot 
Safely  place  to  the  credit  of  dynamic  action,  as  depth-conditions  may 
have  caused  it.  And,  indeed,  in  other  cases  not  dynamically  affected, 
we  may  see  that  just  such  a  moderate  crystalline  development  has 
taken  place  on  much  the  same  lines. 

It  may   be,   and  it   does   not   seem  at  all   improbable,   that  a 
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sufficiently  extended  investigation  of  slates,  over  many  and  large 
areas,  would  show  us  that  there  is  a  form  of  mineralogical  and 
sirnciural  development  which,  even  in  its  very  beginnings  and  early 
stages,  could  be  sharply  distinguished  from  anything  which  could 
be  produced  either  by  dynamic  action,  or  by  depth-conditions,  or  by 
a  combination  of  these  causes,  operating  on  the  same  original 
materials.  If  such  a  distinctive  development  could  be  recognized 
and  established,  it  would  obviously  be  of  very  great  value  in 
geological  work.  But,  equally  obviously,  another  great  difficulty 
comes  in,  which  I  can  best  illustrate  by  an  example. 

I  have  before  me  a  rock  which  represents  an  extren^ely  and 
nnusually  high  development  of  the  kind  to  which  I  allude.  All  the 
mica  is  muscovite  in  fine  large  crystals,  lying  in  all  directions. 
Not  a  trace  of  impure  original  mica  is  left  Chlorite  is  largely 
developed,  and  is  to  a  considerable  extent  as  well  crystallized  as 
the  mica. 

There  are  the  usual  accessory  constituents  of  highly-altered  sedi- 
mentary slates.  There  is  no  parallel  structure  now  remaining;  the 
rock  may  have  been  sheared  to  any  extent  before  this  crystalline 
development  took  place,  but  shearing  did  not  accompany  the 
development,  and  it  has  not  suffered  at  all  from  such  action  since. 

But  if  it  had  suffered  shearing  in  a  sufficient  degree,  at  a  later 
period,  all  trace  of  the  present  structure  would  be  destroyed ;  the 
rock  would  be  a  perfect  muscovite  -  chlorite  schist,  with  these 
minerals  rolled  out  and  arranged  more  or  less  parallel. 

It  might  then  be  claimed  as  a  dynamically- produced  rock ;  and 
though  this  would  be  quite  true  of  its  structure,  it  would  be  quite 
untrue  of  its  mineralogical  development,  with  which  the  shearing 
would  have  had  nothing  whatever  to  do.  This  is  probably  the 
history  of  a  great  number  of  schists  and  allied  rocks,  which  have 
been  derived  from  ordinary  slates  by  other  causes  and  afterwards 
sheared.  It  is  this  obvious  danger  of  a  double  causation  being 
wrongly  ascribed  to  one  source  only,  which  makes  it  so  important 
to  investigate  carefully,  whenever  possible,  all  cases  of  separate 
action,  so  far  as  any  really  separate  action  has  ever  taken  place. 

In  studying  the  alterations  in  mineralogical  and  structural  con- 
dition caused  by  igneous  intrusions,  it  is  not  at  all  necessary  to 
limit  our  observations  to  the  larger  manifestations  of  contact-action 
around  masses  of  granite  or  allied  rocks.  On  the  contrary,  basic 
intrusions  of  loss  magnitude  will  often  serve  even  better  to  bring  to 
notice  some  of  the  particular  points  we  have  been  considering;  and 
of  all  the  rocks  I  have  examined  in  this  connection,  none  have  been 
more  instructive,  or  clearer  in  their  indications,  than  a  large  series 
of  Lower  Carboniferous  shales  altered  by  the  intrusion  of  the  Whin 
Sill.^ 

In  these  we  can  see  what  effects  have  been  produced  on  such 
simple  shales  as  I  have  described  in  this  and  former  papers.     We 

*  These  rocks  form  part  of  a  larj^e  number  collected  by  Mr.  E.  J.  Garwood  during 
a  long  period  of  detailed  work  on  the  geology  of  the  Whin  Sill  in  Durhum  and 
Northumberland. 
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have  these  qaite  early  and  undeveloped  stages  of  the  materials  of 
which  slates  are  made,  and  we  see  them  altered  direct  into  contact- 
rocks,  with  development  of  muscovite,  and  with  a  totally  new 
structure.  And  as  they  have  heen  left  for  us  in  a  condition 
practically  not  affected  by  any  dynamic  action  since  their  alteration, 
they  present  us  with  a  particularly  good  material  for  study. 

We  find  that  soft  shales  have  become  hard  compact  rocks,  and 
microscopic  examination  of  many  of  these  shows  that  they  consist 
more  or  less  largely  of  a  criss-cross  network  of  flakes  and  crystals 
of  regenerated  mica,  with  no  relationship  whatever  to  the  original 
plane  of  the  micaceous  mineral  of  the  shales.  The  degree  of  this 
regeneration  is,  of  course,  variable;  but  in  the  most  advanced  cases 
it  is  very  complete. 

The  development  of  chloritic  material  concurrently  with  the  mica 
is  again  well  seen.  In  many  cases  the  mica  is  largely  formed  into 
tufts  and  radiating  sheaves  and  bundles  ;  and  in  these  we  frequently 
see  that  it  and  the  chlorite  have  crystallized  together  into  such 
aggregates. 

It  is  very  rare  to  find  biotite  formed  in  these  Whin  Sill  rocks, 
BO  that  when  we  are  examining  the  more  advanced  phases  of 
alteration  of  very  quartz-free  shales,  we  usually  have  a  product 
made  up  almost  wholly  of  mica  and  chloritic  material. 

"Spots"  are  exceedingly  abundant  in  many  of  these  rocks;  and 
though  much  smaller  than  at  most  granite-contacts,  they  are  exactly 
analogous  in  all  other  respects,  and  vary  similarly  in  colour,  etc. 
Indeed,  their  nature  and  mode  of  origin  are  more  easily  made  out 
here  than  in  most  contact-areas.  Just  as  we  have  rocks  at  granite- 
contacts  which  have  not  formed  any  spots,  so  we  have  them  here, 
the  chloritic  element  being  diffused  among  the  mica  in  all  stages, 
from  quite  indefinite  and  almost  isotropic  matter  to  more  highly- 
developed  chlorite  ;  while  in  other  cases  we  have  these  same 
varieties  of  chloritic  matter  collected  into  crowds  of  spots.  It  is 
curious  to  observe  how,  sometimes,  the  organic  pigment  of  the 
shales  is  concentrated  in  the  spots,  leaving  the  micaceous  areas 
clear  of  it;  whilst  at  other  times  the  converse  is  the  case,  the  spots 
being  free  and  the  pigment  remaining  in  among  the  muscovite. 

As  an  instance  of  these  spotted  rocks  I  may  mention  one  from 
Rowntree  Beck,  which  occurs  18  feet  below  the  Whin  Sill.  It  is 
mineralogically  quite  regenerated,  no  remnant  of  original  mineral 
being  seen  ;  but  it  still  contains  fossils.  It  was  a  shale  practically 
free  from  visible  quartz,  and  is  now  altered  into  a  mass  of  white 
mica  and  chloritic  matter,  of  which  latter  a  very  large  part  is  in  the 
form  of  almost  spherical  spots,  averaging  2o?r  of  an  inch  in 
diameter,  of  dirty  yellow-brown  colour,  into  which  most  of  the 
organic  pigment  has  concentrated.  These  very  abundant  spots  lie 
in  a  field  mainly  of  pure  white  mica,  large  portions  of  this  field 
being  relatively  clear  and  colourless  in  ordinary  light,  and  showing 
with  crossed  nicols  well -developed  flakes  and  crystals  in  all 
directions,  and  a  good  many  sheaves  and  spherulitic  aggregates. 
Among   this   mass   is   disseminated   a  good  deal   of  yellow-green 


350  W.  M.  Hutchinga — Clays,  Shales^  and  Slates. 

chloritic  matter,  and  the  sheaves  and  radiating  groups  are  partially 
composed  of  it. 

Apart  from  mere  size  of  constituents,  it  would  not  be  possible 
to  find  more  characteristic  recrystallization  than  we  see  in  this 
and  8ome  other  of  these  shales,  the  whole  mode  of  development 
being  the  same  as  at  granite-contacts. 

In  connection  with  the  subject  of  certain  developments  in 
sedimentary  rocks,  apart  from  any  demonstrable  contact-action, 
and  with  which  developments  dynamical  and  regional  causes  are 
credited,  I  would  like  again  to  allude  to  some  of  the  occnrrenoes 
in  the  Ardennes.  In  a  former  paper  (Geol.  Mao.,  March  and  April, 
1895),  I  pointed  out  the  occurrence  of  abundant  "spots'*  in  the 
coticule  of  Yiel  Salm,  and  in  the  dark  slate  with  which  it  is 
associated.  I  particularly  described  these  spots  from  their  special 
points  of  interest,  as  they  are  perfectly  colourless  and  absolutely 
indistinguiishable  in  ordinary  light,  and  are  uniformly  dark  and 
isotropic  between  crossed  nicols. 

The  thin  bed  of  pale-yellow  ooticule  does  not  differ  from  the 
accompanying  dark  rock  in  the  nature  or  degree  of  its  development 
But  it  does  differ  very  much  in  the  fact  that  it  is  free  Irora  iron 
ores  or  other  dark  matter,  so  that  sections  of  it  enable  us  to  study, 
without  impediment,  its  mineral ogical  and  structural  condition. 
We  see  that  its  mica  is  all  quite  clear  muscovite,  and  that  nothing 
is  left  of  any  original  impure  micaceous  mineral.  No  chloritic 
matter  can  be  made  out  in  sections  from  the  specimens  I  have 
examined ;  what  there  is  of  it  is  quite  colourless  and  invisible  in 
thin  slices.  The  rock  is  unusually  free  from  iron.  Renard  gives 
in  its  analysis  only  1-05  per  cent,  of  ferric  oxide  and  0'71  per  cent, 
of  ferrous  oxide,  with  113  per  cent  of  magnesia.  He  calculates 
from  these  data  that  the  rock  contains  8*74:  per  cent,  of  "chlorite"; 
but,  of  course,  this  is  only  an  approximation,  as  the  calculation 
supposes  a  definite  composition  of  the  chloritic  mineral,  which 
there  is  not  any  reason  for  thinking  that  it  possesses. 

A  thin  transverse  section  cut  from  a  specimen  of  coticule  after 
dehydration,  brings  to  view  the  chloritic  mineral  as  a  light  greyish- 
brown  suhstance  now  quite  conspicuous  among  the  mica  at  some 
parts  of  the  slide ;  it  is  not  evenly  diffused  all  over  it  The 
muscovite  is  not  in  any  way  altered  by  the  heating. 

A  very  interesting  point  brought  about  by  examining  the 
dehydrated  rock,  is  that  the  spots  in  it  are  not  in  any  way  affected, 
but  remain  just  as  indistinguishable  in  ordinary  light  as  before. 
Whatever  is  their  real  nature,  it  is  clear  that  they  do  not  consist  of 
a  hydrated  chloritic  material.  And,  indeed,  it  must  be  borne  in 
mind  that,  though  spots  of  the  chloritic  nature  we  have  been 
considering  are  so  frequent  as  to  make  out  a  very  large  propordon 
of  these  interesting  bodies,  there  are  also  other  varieties  of  them 
which  do  not  come  under  this  description,  and  which  are  due  to  the 
formaticm  of  other  combinations  during  the  recrystallization  of  the 
rock-constituents. 
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Y. — Chanob  or  Form  bt  Expansion  as  an  Elsmbnt  in 

Mountain-Building. 

By  T.  Mbllabd  Rbadb,  C.E.,  F.G.S.,  etc. 

SOME  critics  of  my  theory  of  the  "  Origin  of  Mountain  Ranges  '* 
appear  to  have  strangely  lost  sight  of  one  of  the  essential  prin- 
ciples upon  which  it  rests.  This  seems  to  have  arisen  through  their 
attention  having  bpen  too  much  engrossed  with  what  I  have  said  on 
the  subject  of  cubical  or  voluminal  expansion. 

In  ray  original  work  it  was  shown  that  the  calculations  of  the 
earlier  investigators  on  the  vertical  lifting  of  a  given  thickness  and 
area  of  the  earth's  crust,  by  a  given  rise  of  temperature,  must  be 
multiplied  by  three  to  arrive  at  a  correct  result,  as  they  omitted  to 
conttider  the  expansion  in  two  horizontal  directions  at  right  angles  to 
each  other,  confining  their  attention  to  linear  expansion  in  a  vertical 
direction.  But,  while  calling  attention  to  this  oversiglit,  it  wns  certainly 
not  my  contention  that  expansion  would  affect  the  earth's  crust  like  the 
expansion  of  water  in  an  inexpansible  vessel. 

The  effect  of  expansion  on  a  solid  body  like  the  earth's  crust  by 
differential  heating  is  to  set  up  stresses  and  strains  which  relieve 
themselves  in  the  direction  of  least  resistance,  and  in  doing  this  an 
internal  movement  and  change  of  form  ensue.  A  change  of  volume 
of  a  section  of  the  earth's  crust  therefore  involves  internal  movement, 
distortion,  and  change  of  form. 

This  principle  I  illustrated  by  experiments  on  the  ridging  up  pro- 
duced by  heating  sheets  of  lead  ;  by  the  distortion  of  a  sheet  of  zino 
and  iron,  ri vetted  together,  and  placed  in  an  ordinary  oven  ;  by  the 
Well-known  wrinkles  and  folds  that  occur  in  lead  gutters,  lead-lined 
baths  and  sinks;  and  since,  by  the  permanent  expansion  which 
frequently  takes  place  in  terra-cotta  copings  of  walls  through 
differential  heating  by  the  sun's  rays.*  I  could  add  couHiderably  to 
this  list,  but  it  is  sufficient  for  my  present  purpose.  The  ridgings 
up  and  distortions  were  shown  in  all  these  cases  to  be  the  cumulative 
result  of  compressions  and  tensions  set  up  by  successive  expansions 
and  contractions,  due  to  alternations  of  temperature,  ending  in  a 
permanent  extension  in  the  case  of  a  sheet,  which  is  compensated  for 
by  folds  or  wrinkles,  or  in  the  case  of  a  bar  by  lengthening. 

Applying  this  principle  to  the  probable  effect  of  changes  of  tem- 
perature in  the  earth's  crust,  I  showed  that  the  strata  of  which 
mountain  chains  are  composed  have  a  wide  areal  extension,  as  in  the 
plains  of  Russia,  which  are  composed  of  the  Silurian  and  other  rocks 
involved  in  the  Ural  uplift  The  same  principle  was  shown  to  hold 
true  with  the  Appalachians ;  and  later,  in  this  Magazine,  I  have  called 
attention  to  British  geology  as  teaching  us  a  similar  truth.  ^  These 
strata  out  of  which  mountain  ranges  are  evolved  may  be  considered 
as  wide  and  extended  sheets  almost  paralleled  on  a  small  scale, 
excepting  for  the  variable  thickness  distinguishing  geologic  deposits, 
by  the  sheets  I  experimented  upon. 

1  Gbol.  Mao  ,  Dec.  Ill,  Vol.  V,  pp.  26,  27, 
»  GaoL.  Mao.,  Dec.  IV,  Vol.  II,  pp.  667-565. 
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Without,  however,  considering  the  eause$  of  obanges  of 
temperature  in  the  earth^s  crust,  which  I  have  treated  of  in  other 
communications,  it  is  sufficient  for  our  present  purpose  to  accept  the 
fact  that  profound  changes  do  occur.  Beginning  with  ^utton  and 
Playfair,  I  can  think  of  no  geologist  who  has  written  upon  the  sub- 
ject of  metamorphism  and  geological  dynamics  who  fails  to  oall  to 
his  aid,  in  some  form  or  other,  the  effect  of  heating  apon  the 
sediments  which  compose  the  rocky  covering  of  our  globe. 

If  it  be  assumed,  then,  that  a  great  sheet  built  up  of  various  strata 
of  sedimentary  origin,  with,  perhaps,  intercalations  of  ashy  and 
igneous  beds,  combinedly  reaching  in  places  thicknesses  measured  by 
miles,  is  by  slow  degrees  subjected  to  a  fluctuating  rise  of  temperature, 
it  is  evident  from  the  illustrative  experiments  referred  to  that  not 
only  a  linear  vertical  expansion  will  ensue,  but  that  the  horizontal 
expansion,  as  much  greater  in  proportion  as  the  areal  extent  is 
greater  than  the  thickness,  will  produce,  by  small  increments  and 
minor  alternations,  a  creep,  ending  in  an  anticlinal  fold  in  a  position 
determined  by  several  conditions. 

It  is  thus  seen  that  an  actual  movement  or  displacement  of  material 
proportionate  to  the  amount  of  expansion  has  taken  place. 

The  excess  of  the  material  of  this  compound  sheet,  or  what  may  be 
called  the  strata-plate,  over  the  space  it  originally  occupied,  is  com- 
pensated for  by  a  heaping  up  by  folding  along  a  line  of  maximum 
pressure  or  least  rigidity.  In  this  way  a  permanent  feature  in  the 
form  of  a  fold  has  been  built  up  upon  the  earth's  crust,  which  may  he 
increased  in  amplitude  by  future  expansions,  but  which  will  remain 
unaffected  by  any  succeeding  contractions  of  the  strata-plate. 

Let  us  now  consider  how  a  contraction  of  the  strata-plate  can  be 
compensated  for.  I  have  shown  in  my  original  work  that  it  may  be 
met,  in  the  case  of  small  contractions,  by  what  I  have  called  com- 
pressive extension,  which  is  a  lengthening  of  the  strata  by  the 
compression  of  the  overlying  strata  going  on  pari  passu  with  the 
contraction  due  to  a  fall  of  temperature,  so  that,  instead  of  separating 
by  fissuring,  the  strata  are  made  to  continually  occupy  the  same 
superficial  horizontal  space  while,  at  the  same  time,  becoming 
thinner  by  compression.  As  the  greatest  expansion  takes  place  at 
the  base  of  the  deposits,  or  in  the  underlying  crust,  there  is,  in  most 
cases,  a  load  sufficient  to  act  upon  and  mould  the  contracting  bed,  and 
in  this  way  convert  horizontal  into  vertical  contraction,  the  rigidity 
of  the  strata  and  power  of  conveying  lateral  thrust  being  at  the  same 
time  preserved.  Therefore,  in  the  case  of  a  general  rise  of  tempera- 
ture of  the  strata-plate,  but  with  minor  fluctuations  and  falls  of 
temperature,  the  effect  of  every  rise,  however  small,  will — whether 
the  compensation  be  by  compressive  extension  or  by  minor  faulting 
and  keying  up — tend  to  still  further  lengthen  the  strata  and  develop 
the  anticlinal  fold,  or  to  add  to  it  other  parallel  antidinals  until  a 
complete  folded  range  is  finally  formed  ;  or,  as  in  the  more  extreme 
cases,  such  as  the  Alps,  a  central  core  or  a  series  of  ellipsoidal  domes 
of  gneissic  rocks  is  forced  up  from  below,  throwing  back  the  folds  in 
fan-like   form,   and  further  compressing  them.     Certain  secondary 


T.  Melkrd  Reade — Mountain-Buiiding.  353 

effects  may  follow,  such  as  the  folding  and  formation  of  foot-hills  by 
the  gliding  of  the  upper  beds  down  the  sloping  flanks  of  the  older 
beds;  but  it  is  unnecessary  for  me  to  dwell  upon  them  here,  as  my 
object  is  to  enable  those  to  grasp  who  have  not  yet  done  so,  the  idea 
of  successive  cumulative  expansions,  as  I  conceive  them  to  have  acted 
in  the  building  up  of  mountain  chains. 

But  these  expansions,  caused  by  a  general  but  fluctuating  rise  of 
temperature,  diminish,  and  finally  cease,  by  the  dying  out  of  the  cause 
producing  them.  In  the  absence  of  compression  no  more  folds  are 
initiated,  nor  is  the  amplitude  of  the  old  folds  increased.  Meantime, 
the  ever  active  elements  in  the  form  of  air  and  water  are  busy  at 
work,  reducing  and  carving  out  of  these  folds  domes  and  ridges,  the 
mountain  forms  and  scenery  we  are  familiar  with.  Thus  the  cycle 
of  change  is  completed,  and  the  broken-up  rocks  are  returned  as 
detritus  to  the  sea. 

A  general  but  fluctuating  fall  of  temperature  now  sets  in,  and  the 
rooks  composiug  what  I  have  called  the  strata-plate  contract  This 
contraction  can  only  be  met  in  one  of  two  ways — either  by  stretching 
or  Assuring.  In  their  nature  rooks  are  incapable  of  stretching  by 
tension,  excepting  it  be  in  a  very  minor  degree,  and  compressive 
extension  could  only  partially  compensate  for  the  profound  changes 
of  volume  which  take  place.  No  doubt  the  strata-plate  will  be 
eaten  into,  and  underlain  to  a  considerable  extent,  by  semi-molten 
matter  in  a  plastic  condition ;  and  the  shrinkage  of  this,  combined 
with  the  irregular  shrinkage  of  the  non-homogeneous  material  of  the 
sedimentary  strata,  must  inevitably  initiate  fractures.  These  fractures, 
we  know,  take  the  form  of  two  series  of  normal  faults,  each  series  of 
which  has  a  more  or  less  definite  direction  and  parallelism,  and  are 
classified  as  strike  or  dip  faults,  accordingly  as  they  roughly  follow 
the  strike  or  dip  of  the  strata.  The  voluminal  contraction  of  the 
strata-plate  is  met  by  the  sinking  of  wedge-like  blocks  of  strata  along 
and  between  these  lines,  or,  rather,  shear  planes  called  faults,  ami 
the  earth's  crust  thus  remains  solid  by  keying  up.  In  adapting  them- 
selves to  the  voids  these  blocks  are  continuously  or  intermittently 
sinking,  and  certain  secondary  folding  along  a  large  fault  often  occurs. 
This  is  fully  explained  by  the  fact  that  the  strata  nearest  to  the 
earth's  surface  shrink  least,  so  that  the  wedge,  in  adapting  itself  to 
the  void  below  by  sinking,  is  often  in  compression  in  the  upper 
layers,  which  is  met  by  the  turning  up  of  the  edges  of  the  strata 
against  the  fault-plane. 

That  this  succession  of  events  takes  place  in  Nature,  can  be  readily 
settled  by  appeal  to  any  typical  section  of  a  mountain  range,  or  to 
any  of  the  numerous  sections  taken  through  the  folded  regions  of 
Britain  published  by  the  Geological  Survey. 

lliis  latter,  it  is  almost  needless  to  say,  constitutes  evidence  of  the 
best  kind,  as  the  authors  were  simply  recording  facts,  having  no  thought 
in  their  minds  of  the  theoretical  relations  here  expounded.  The 
I>osteriority  of  normal  faulting  to  folding  has  been  remarked  upon  by 
even  so  early  an  observer  as  Playfair.  *  Every  section  I  have  seen 
»  **  Illustrations  of  the  Huttonian  Theory,"  pp.  62,  63. 
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shows  normal  faults  cutting  and  displaoing  the  folds  where  the  faults 
and  folds  exist  together,  even  in  the  case  of  those  longer  undulations 
into  which  the  strata  involved  in  the  folding  of  the  mountain  range 
graduate  in  those  great  areas  and  plains  flanking  the  range  proper, 
which  constitute  a  large  proportion  of  what  I  have  termed  the 
strata- plate.  May  we  not  justly  infer  from  these  phenomena  that 
normal  faulting  on  a  large  or  general  scale  never  precedes,  hut 
invariably  follows,  folding,  excepting  in  the  case  of  previously  faulted 
and  folded  strata  involved  in  the  general  compression  and  uplift 
Another  feature  distinguishing  folded  regions,  such  as  Scotland,  is 
the  prevalence  of  enormous  strike- faults,  showing  that  normal  faulting 
and  folding,  though  arising  from  movements  in  opposite  directions, 
are  yet  closely  related. 

This  short  restatement  of  some  of  the  leading  principles  of  my 
theory  of  the  origin  of  mountain  ranges  seems  necessary  in  view  of 
certain  misconceptions  which  have  arisen,  doubtless  due  to  the 
complexity  of  the  subject. 


VI. — NoTB  ON  A  Section  at  th«  North  Cliff,  Southwold. 
By  HoRACB  B.  Woodward,  F.R.S.,  F.O.S. 

THE  damage  done  to  the  land  at  the  north  end  of  Southwold  by 
the  "  moderate  gale  "  of  May,  1895,  has  been  described  by 
Mr.  J.  Spiller.^  One  result  of  this  damage  was  the  opening  up  of 
an  interesting. geological  section  along  the  base  of  the  low  cliffs, 
a  short  account  of  which  I  brought  before  the  l£ist  meeting  of  the 
British  Association  at  Ipswich. 

Before  publishing  this  account,  it  was  hoped  some  evidence  might 
have  been  obtained  of  the  age  of  a  fresh- water  bed  that  had  been 
exposed.  In  this  I  have  been  disappointed,  but  as  tlie  sea  continues 
its  ravages  all  traces  of  the  bed  may  ere  long  be  removed,  and  it 
seems  desirable,  therefore,  to  delay  no  longer  in  making  known  the 
particulars  of  the  section. 

From  the  neighbourhood  of  two  old  pits  that  occur  on  the  margin 
of  the  present  clififs  to  the  north  of  the  coastguard  station,  the  lower 
portion  of  the  cliffs  has  been  bared  of  the' talus  so  far  as  they  extend 
northwards,  and  certain  deposits  have  been  revealed  which  were  not 
pieviously  to  be  seen,  while  other  strata  are  more  clearly  exposed. 
Particulars  of  these  are  shown  in  the  accompanying  section. 

By  the  present  bathing-station,  now  just  beyond  the  north  end  of 
the  cliffs,  there  is  a  low  bank  of  Boulder-clay  that  extends  some  ten 
yards  north  of  the  gravelly  cove  recently  eroded  by  the  sea.  This 
cove  shows  a  fine  section  of  the  Crag  series,  15  to  18  feet  deep  in 
places,  and  extending  for  filty  yards.  The  beds  comprise  ochreous 
sand  and  pebbly  gravel,  somewhat  irregularly  accumulated,  but 
on  the  whole  fairly  well  bedded,  and  here  and  there  current- bedded 
on  a  small  scale.  The  stones  are  mainly  flint  pebbles,  but  many 
subangular  fragments  are  present  with  the  smaller  stones,  together 

*Geol.  Mao.,  Jan.  1896,  p.  23.     See  also  Uoworlli,  Quart.  Joom.  Geol.  Soc., 
vol.  11,  p.  496. 
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with  qiurtz,  etc.  At  tlie  south  end  of  this  a  a 
ezpoaure  th«re  ia  an  included  small  mass  g  -^ 
of  shelly  Crag.    The  shells  are  interspersed  -g 

amid  flint  pebbles,  and  their  preservation  br 

may  perhaps  be  due    to   a   thin  overtying  -6  IS 

•earn  of  olay.  §  ^ 

Adjoining  the  Crag  series  on  the  south,  J 

the  BonlUer-olay  is  again  seen,  and  here  it  1 

baa  out  deeply   into   the   Crag   sands    and  i 

gravels.     The   thin   seam   of  olay    (before-  S    . 

mentioned),  which  has  protected  the  shelly  ^  g 

Crag,  has  apparently  been  pressed  down,  so  ^   > 

as  to  truncate  the  edges  of  the  Crag  layers ;  S  ^ 

and  it  thus  follows  tbe  course  of  the  over-  ^  J 

lying  Boulder-clay.     This  Boiilder-clay  ex-  ■S 

tends  for  about  thirty  yards  to  the  south,  "S 

where  it  is  overlain  by  a  thick  bed  of  loam  ■S 

and    laminated   peaty   earth — a   fresh -water  3 

deposit  that  extends  forty  yards  along  tbe  S 

base  of  tbe  cliffs,  and  miiob  more  towards  1 

their  upper  part,  as  the  strata  are  bent  into  ^ 

a  gentle  syncline,  supported  further  south  "s 

[as  on  the  north)  by  Boulder-clay.  ^ 

The   Boulder-clay   to    the    south    of    this  ^ 

fresh-water  deposit  extends  for  fifteen  yards,  g. 

and  is  then  overlain  by  recent  accumulations  " 

for  a  space  of  forty  yards,  and  then  again  the  £ 

BouIder-ola^  is  shown.  " 

It   was    in    these    last- mentioned    recent 

depoaita    that   a    human    skeleton  was  dis-  -3 

covered  in  I8O0,  and  tbe  strata  were  at  first  X 

supposed  to  belong  to  the  Boulder-clay.   1'he  g 

tnateriAl  is  in  part  an  irregular,  brown,  stony  ^. 

loam,  with  scattered  pebbles  and  subangular  ^ 

pieces  of  flint,  etc.,  and  with  also  a  number  ^ 

of  chalk  stones;  i[i  part  it  becomes  bedded,  ^ 

much  more  sandy,   and  contains  many  more  a 

pebbles.       The    entire    deposit,    shown   to   a  ^ 

depth  of  six  or  eight  feet,  is  a  recent  one,  "o  ^ 

being  a  beach  accumulation  tnaile  up  largely  j   H 

of  reconstnicted  Boulder-clay,  the  materials  „  "g 

being   commingled   with    sand    and    shingle  ^    £ 

from  the  beach,  or  from  tbe  old  and  half-  e  4 

eroded  gravel-pit  against  which  tbe  deposit  "S  c 

occurs.    It  is  clearly  to  be  distinguished  from  J 

the  bluish-grey  Bculder-clay  ;  and  that  it  is  ^ 

not  weathered  Boulder-clay,  is  sliown  by  tbe  " 
Toaghly -bedded   and    in    part    false-bedded 
character  of  tbe  newer  acouniulation,  and  by     ^ 
its  containing  a  much  lurger  piuporliuu  of     g 
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rolled  flints  than  the  underlying  Boulder-day.  Moreover,  the 
number  of  chalk  stones  tells  of  reconstruction,  as  from  the  brown- 
weathered  Boulder-clay  such  materials  have  usually  been  removed 
by  dissolution. 

The  masses  of  Boulder-day  seen  at  the  several  points  noted  in  the 
section,  form  portions  of  one  bed  which  formerly  extended  along  the 
front  of  the  low  cliffs,  as  represented  on  the  Greological  Survey  map 
by  Mr.  Wbitaker.  Traces  of  the  Boulder-clay  may  still  be  seen  here 
and  there  at  other  points  at  the  foot  of  the  cliffs,  where  the  modern 
beach -shingle  lies  in  thin  patches.  Elsewhere  it  forms  projecting 
banks,  as  it  has  withstood  the  ravages  of  the  sea  better  than  the  Crag 
deposits,  the  fresh-water  beds,  or  the  modem  loamy  beach  aocumula- 
tiop.  That  it  forms  part  of  the  well-known  chalky  Boulder-clay  of 
East  AngUa,  admits  of  no  doubt.  It  contains,  in  addition  to  chalk 
and  flint,  fragments  of  Kimeridge  stiale  with  Lucina  mintucula ;  also 
Belemnilet  and  Gryphaa  arcuaia. 

The  age  of  the  fresh-water  bed  is  not  clear.  At  first  sight  it 
resembles  a  mass  of  the  Forest  Bed  series,  reminding  one  of  the 
black  peaty  bed  and  Rootlet  Bed  that  overlie  the  Chill esford  Clay 
at  Kessingland  and  Runton.^  Fossil  evidence  is  needful  to  determine 
its  age,  for  one  must  bear  in  mind  the  **  post-Glacial  *'  river-bed  of 
Mundesley,  the  fresh-water  bed  found  by  Mr.  Charles  Candler  over 
the  Boulder-clay  at  South  Elmham,  near  Harleston,'  and  that  at 
Hoxne,  with  any  one  of  which  it  is  possible  the  South  wold  bed 
may  correspond. 

Mr.  Clement  Reid,  who  has  kindly  examined  some  of  the  materials 
from  the  fresh-water  bed,  has  identified  Plnnorhis  complanatus, 
Valvata  piscinalis,  Spharium  corneum,  and  Pisidium  pusiUum  ;  also 
Ranunculus  aquatUis,  Comarum  paluatre,  and  Ceratophyllum  demersum. 
As  both  mollusca  and  plants  range  from  the  Pliocene  (Forest  Bed 
series)  to  the  present  time,  they  afford  no  clue  to  the  precise  age  of 
the  deposit. 

It  would  seem  natural  to  compare  this  fresh- water  bed  with  the 
"post-Glacial  brick-earth"  worked. a  little  further  north,  and  briefly 
described  by  Mr.  S.  V.  Wood,  jun.,  and  afterwards  by  Sir  J.  Prestwich, 
who  recorded  the  occurrence  in  it  of  Elephas  primigenius?  An 
examination  of  the  present  sections  in  the  brickyard  showed  no  strata 
that  could  be  correlated  with  the  beds  seen  in  the  cliff;  moreover,  the 
deposits  are  separated  by  the  intervening  mass  of  Crag  beds.  I  am 
thus  obliged  to  leave  the  age  of  the  fresh- water  bed  an  open  question. 
That  it  does  not  occupy  an  undisturbed  hollow  in  the  Boulder-clay, 
is  shown  by  the  synclinal  arrangement  of  the  layers  in  the  fresh- 
water deposit ;  and  this  fact,  together  with  that  of  the  striking 
resemblance  to  the  characters  of  the  Forest  Bed  series,  suggested 
transportation.     Mr.  Reid  has,  however,  drawn  my  attention  to  a 

^  It  if*  interesting  to  learn  that  Mr.  J.  H.  Blake  observed  beds  that  might  belong  to 
the  Rootlet  Bed  (Forest  Bed  series)  at  Easton  Bavent. — Whitaker,  **  Geol.Southwold," 
p.  70. 

2  Quart.  Joum.  Geol.  Soc,  vol.  xlv.  p.  504. 

«  See  Whitaker,  *'  Geol.  Southwold,"  p.  62. 
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somewhat  similar  feature  in  a  peaty  bed  overlying  Boalder-olay  at 
Eelsey  Hill,  which  he  has  attributed  to  the  subsidence  of  the 
B<julder-clay  through  the  slipping  of  underlying  sand.*  In  the 
present  instance  it  is  possible  that  subterranean  erosion  may  have 
produced  the  syndine. 

The  junction  between  the  fresh- water  bed  and  the  Boulder-clay  is 
marked  by  an  irregular  band  of  bedded  loam,  with  chalk  stones, 
flints,  and  other  gravelly  materials,  and  this  junction-bed  is  from 
one  to  nearly  four  feet  thick  on  the  northern  side. 

The  section  of  the  fresh-water  bed  may  be  noted  thus  : — 

ft.  in. 

Laminated  peaty  bed  2    6 

Brown,  grey,  and  greenish  micaceous  loam,  with  mach  fermginoos 

"^*"  M»CX    •••        •••        •••        «••        •••        ••■        •••       ••• 


Greyish  loam,  with  fresh-water  shells ;  and  irre^lar  pebbly  layers  V 
of  rolled  and  subangular  flints  (cemented  into  an  iron  pan)»' 
with  ochreoos  pebbles,  bits  of  carbonaceous  shale  and  lignite  , 


8    0 


With  regard  to  the  Crag,  several  questions  arise.  Is  it  part 
of  the  true  Norwich  Crag,  or  does  it  belong  to  the  Southwold 
Pebble-beds,  which  were  regarded  as  of  subsequent  age  by  the  late 
Sir  Joseph  Prestwich.  Are  the  Southwold  Pebble- beds  the  same 
as  the  Westleton  Shingle  ? 

The  shells  in  this  exposure  at  Southwold  are  mostly  broken  or 
comminuted.  I  could  only  recognize  Cardium  edule,  Cyprina 
iilandiea,  Mya,  and  Litiorina  littorea. 

The  general  character  of  the  strata,  and  their  position,  led  me 
to  group  them  as  part  of  the  Norwich  Crag ;  and  in  this  opinion 
I  find  support  in  Mr.  Whitaker's  description  of  the  section  formerly 
seen  near  by,  but  a  little  to  the  south,  being  about  250  yards 
NNE.  of  the  coastguard  station  at  Southwold;  and  support 
is  also  given  in  the  list  of  shells  there  obtained  by  Mr.  S.  V. 
Wood,  jun.,  and  Mr.  W.  M.  Crowfoot.' 

The  occurrence  of  shelly  patches  in  the  pebbly  gravels  elsewhere  near 
Southwold  has  been  noted  by  Sir  Joseph  Prestwich  and  Mr.  Whitaker, 
and  the  subject  has  been  further  discussed  by  Mr.  Clement  Keid 
and  Sir  Henry  Howorth.*  In  no  case  has  any  evidence  been 
brought  forward  to  show  that  these  shell-beds  do  not  belong  to 
the  Norwich  Crag.  No  shells  have  been  found  in  the  Westleton 
Shingle  of  Westleton ;  and  those  which  have  been  found  near 
Southwold  usually  occur  low  down  in  the  pebbly  gravels,  and 
mfiy  in  all  cases  belong  to  the  true  Norwich  Crag.  I  do  not  feel 
confident  that  the  Southwold  pebble-gravels,  so  well  shown  on 
Southwold  Common  and  in  the  adjacent  railway-cutting,  belong 
to  the  horizon  of  the  Westleton-beds  of  Westleton.  They  may 
well  belong  to  the  pebbly  sands  of  the  Crag  seen  in   the   north 

*  **  Geology  of  Holdemess,"  p.  74. 

*  Some  masses  of  modem  beach -shingle,  plastered  against  the  fresh -water   bed, 
have  also  been  cemented  into  an  iron  pan. 


»  *'  Geology  of  Southwold,"  1887,  pp.  61,  81,  etc. 
*  Reid,  "rliocene  Deposits   of   Bntain,'* 


1890,  pp.   101,  201,  etc. ;   Howorth, 
Qaart.  Joum.  G«ol.  Soc.',  toI.  li,  p.  498. 
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cliff,  Southwold.  I  have  again  had  the  opportunity  of  examining 
the  fine  sections  at  Westleton,  where  the  shingle  is  imbedded  in 
buff  sands,  and  presents  an  aspect  quite  different  from  that  of  the 
Bure  Valley  Beds  of  the  Norfolk  area  and  from  the  Crag  Series  at 
Southwold.  Following  the  beds  to  the  cliffs  at  Dunwich,  they  are 
seen  to  rest  on  a  mass  of  buff  sands,  more  like  Middle  Glacial  Sand 
than  anything  else.^  Where  gravels  and  sands  of  variable  character 
and  different  ages  come  together  there  is  abundant  room  for 
diversity  of  opinion,  and  those  who  peruse  Mr.  Whitaker's  Memoir 
on  the  Geology  of  Southwold  will  find  a  clear  statement  of  the 
facts  and  of  the  conflicting  views  with  regard  to  their  interpretation. 
During  my  visit  to  Southwold  in  the  summer  of  1895,  the  Crag 
was  well  exposed  at  the  base  of  the  low  cliffs  at  Easton  Bavent, 
but,  while  collecting  a  number  of  fossils,  only  one  form  proved 
to  be  new  to  the  locality,  and  that  was  a  tooth  of  Microtus 
(Arvicola),  the  identification  of  which  was  kindly  verified  by  Mr. 
E.  T.  Newton. 


YII. — Notes  on  some  Hooks  fbom  the  Solomon  Islands. 

By  W.  W.  Watts,  M.A.,  F.G.S. ;   with  notes  by  E.  T.  Newton,  F.R.S. 

[Communicated  by  permission  of  the  Director-General  of  the  Geological  Surrey.] 

AFTER  he  had  published  his  account  of  the  geology  of  the 
Solomon  Islands,^  Dr.  Guppy  was  good  enough  to  present  to 
the  Museum  of  Practical  Geology  a  series  of  typical  specimens 
showing  the  chief  varieties  of  calcareous  and  argillaceous  deposits  met 
with  in  the  islands.  This  collection  includes  rocks,  washings, 
picked  organisms,  with  a  few  microscopic  slides,  and  it  constitutes 
a  series  very  valuable  for  reference. 

During  the  surveying  of  the  islands  by  the  Admiralty  in  1893-5, 
Lieut.  A.  Waugh  has  been  able  to  collect  many  specimens  of 
volcanic  and  sedimentary  rocks,  which  have  also  been  presented  to 
the  Museum.  As  some  of  these  were  collected  at  localities  not 
visited  by  Dr.  Guppy,  and  as  a  few  of  the  types  have  not  been 
previously  described  from  the  islands,  it  may  be  worth  while  to 
communicate  to  the  Geological  Magazine  a  short  account  of  Lieut 
Waugh's  collections. 

L — The  Sediments. 

The  classification  adopted  by  Dr.  Guppy  for  these  rocks  may  be 
briefly  summarized  as  follows.  For  further  details  the  reader  is 
referred  to  the.  original  paper. 

A.     Volcanic  debris  mixed  with  organic  remains  and  resembling 
the  muds  now  forming  round  oceanic,  volcanic  islands. 
(a)  5-20  per  cent,  of  Ca  C  Oj,  minute  foraminifera,  and  a  few 

mollusca. 

»  See  H.  B.  W.,  Geol.  Mao.  1882,  p.  455. 

-  '•  The  Solomon  Islands,  their  Goolo^v.  General  Features,  and  Suitability  for 
Colonization,"  by  H.  B.  Guppy,  AJ.B.,  F.G.S.  (London,  1687):  Traus.  Hoy.  Soc. 
Ediu.,  vol.  xxxii  (1887),  p.  645. 
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(5)  30-35  per  cent,  of  Ca  C  0,,  pteropods,  gasteropods,  lamelli- 

branchs,  foraminifera,  etc 

(c)  60  „  „       fragments  of  corals,   algse,   laraelli- 

branchs,  and  a  few  foraminifera. 

{d)  Coarse  rooks  made  of  fragments  of  volcanio  and  coral  rocks 
in  roanded  grains. 

B.  Organic  constituents  most  abundant,  66-96  per  cent,  of  Ca  0  0, ; 

volcanic  materials  quite  subsidiary. 
{e)   Coral   rocks   with    the    original    structures   more   or  less 

obliterated,  becoming  drusy,  saccharine,  or  compact 
(/)  Coral  rocks  with  algee,  fragments  of  mollusca,  corals,  and 

echinoderms;  interstices  filled  with  foraminifera  and  small 

calcareous  organisms. 
{g)  Fawn-coloured,   crystalline   limestones  made  of  the  coral 

ooze  of  lagoons. 
(h)  Chalk-like  coral  limestones  ;  corals,  mollusca,  algas,  etc. 
(t)    Foraminiferal  limestones  chiefly  made  of  the  tests  of  pelagic 

and  bottom-living  foraminifera. 

C.  A  deep-sea  clay. 

The  greater  part  of  Lieut  Waugh's  collection  falls  into  these 
classes,  as  will  be  seen  from  the  following  account  of  the  chief 
specimens. 

A  (o)  Foraminiferal  mud, — South  coast  of  Tetapari  Island  (F.  303), 
"from  between  the  blocks  of  coral.'*  This  resembles  the  earthy 
foraminiferous  deposit  described  from  Ugi  and  Treasury  Islands  by 
Dr.  Guppy.  It  consists  of  fine  argillaceous  material,  a  few  chips  of 
volcanic  minerals,  and  abundant  foraminifera,  some  cells  of  which 
are  empty,  but  others  filled  with  a  brown  deposit  insoluble  in 
acid.  On  dissolving  the  tests  in  weak  acid  an  earthy  skeleton 
Would  sometimes  persist  for  a  moment,  as  though  the  perforations 
had  been  filled  with  some  fragile,  insoluble  substance.  A  few 
sponge  spicules  were  seen  in  the  residue.  Mr.  Newton  says  that 
Globigerina  is  the  most  abundant  foraminifer. 

B  (e)  Coral  rocks  are  of  very  common  occurrence  in  New  Georgia, 
and  have  been  collected  from  the  following  localities  on  that  and  the 
neighbouring  islands — Viru  harbour,  the  south  coast  Bili  village, 
and  Mbulo  Island.     They  also  occur  on  Ugi  Island  and  on  the  main- 
land of  Florida  Island.     They  were  found  at  the  sea-level  as  well  as 
at  heights  up  to  130  feet,  and  as  much  as  a  mile  inland.     They 
correspond  to  Dr.  Guppy*s  description,  and  need  no  further  remark. 
B  (/)  These  might  be  called  "  mixed  coral  rocks."  They  are  clastic 
limestones  made  up  of  broken  bits  of  organisms,  calcareous  mud, 
and  a  small  amount  of  terrigenous  or  volcanic  material.     They  occur 
on  the  mainland  of  Florida  Island,  one  at  the  water-level  (F.  278), 
the  second  at  20  feet  (F.  281),  and  the  third  at  40  feet  above  it 
(F.  279),  on  the  floor  of  a  cave  20  feet  below  the  surface  on  the 
island  of  Ereru,  inside  the  lagoon  (F.  272),  and  at  the  Charapoaua 
entrance   of  the  great  barrier  reef  of  New   Georgia   (F.   290).      I 
append  Mr.  Newton's  description  of  the  rocks — 
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"These  five  specimens  are  hard  limestones  varying  from  fine, 
close-grained  to  coarsely  cavernous  rock.  The  first  specimen  from 
Florida  Island  (F.  278)  has  the  finest,  and  the  third  (F.  279),  the 
coarsest  texture  of  the  three.  Under  the  microscope  they  are  seen 
to  he  composed  of  similar  materials,  namely,  fragments  of  nullipores, 
corals,  and  forarainifera,  the  last-named  being  chiefly  in  the  finer 
material  filling  in  the  larger  cavities.  In  the  first  (F.  282)  of  the  other 
specimens  the  rock  is  much  coarser  and  more  cavemons  than  in  the 
three  above  noticed,  and  some  of  the  surfaces  are  covered  by  a 
calcareous  coating  (stalagmite?).  Under  the  microscope,  pieces  of 
molluscan  shells,  corals,  and  possibly  spines  of  echinoderms,  were 
detected,  as  well  as  large  foraminifera  (Amphistegina,  etc.).  This 
rock  closely  resembles  Dr.  Ouppy's  figure.^  The  last  of  these  coral 
rocks  (F.  290)  was  found  six  feet  above  high-water  mark.  It  is 
the  coarsest  rock  of  the  series,  and  is  chiefly  formed  of  nullipores 
and  corals,  the  cavities  being  filled  in  with  debris,  in  which  are 
foraminifera  and  other  small  organisms  ;  few  or  no  sponge  spicules 
were  detected  in  any  of  these  fine  coral  rocks." 

B  (h)  Under  the  name  of  chalky  coral  rock,  Dr.  Guppy  describes 
a  set  of  limestones  which  *'  in  the  general  composition  resemble  the 
rocks  of  the  second  group  of  coral  limestones  [B  (/)].  but  differ  con- 
spicuously in  their  chalk-like  appearance  and  in  being  more  friable.*' 
Microscopic  examination  of  one  of  Dr.  Guppy's  specimens  from  the 
Shortland  Islands  bearing  this  designation  (F.  299),  does  not  accord 
exactly  with  this  general  description.  The  rock  shows  that  minute 
crystals  of  dolomite  are  of  frequent  occurrence,  and  a  chemical  test 
reveals  a  small  proportion  of  magnesia.  This  fact  has  already  been 
made  known  by  Dr.  Guppy  in  a  rock  which  corresponds  closely  with 
the  following  description.*  Of  this  rock  Mr.  Newton  remarks  as 
follows : — "  tinder  the  microscope,  nullipores  are  very  distinct,  and 
there  is  evidence  that  other  organisms  have  been  present,  such 
probably  as  would  make  up  an  ordinary  'mixed  coral  rock,*  but  these 
are  so  decomposed  as  to  leave  mere  traces  of  their  original  shape. 
It  is  worthy  of  remark  that  the  nullipores  seem  to  be  able  to  resist 
the  action  which  has  caused  the  alteration  of  this  rock  better  than 
any  of  the  animal  organisms,  and  perhaps  this  may  be  due  to  the 
different  state  of  the  carbonate  of  lime  of  which  they  are  composed." 

Specimens  from  the  south  coast  of  Mbulo  Island  (F.  297)  and 
from  the  southern  coast  of  New  Georgia,  on  the  other  hand,  appear 
to  correspond  with  Guppy's  general  description.  They  are  friable, 
white,  chalky  limestones,  containing  abundant  relics  of  organisms, 
which  are  mostly  in  a  fragmentary  condition.  They  are  set  in  a  fine 
calcareous  mud,  in  which  I  have  seen  no  evidence  of  dolomite.  Mr. 
Newton  adds  that  the  slide  contains  '*  pieces  of  corals,  nullipores, 
foraminifera,  molluscan  shells,  etc.,  and  is,  in  fact,  one  of  the  '  mixed 
coral  rocks '  in  a  somewhat  friable  condition." 

We  now  proceed  to  describe  a  few  types  of  rocks  not  included  in 
Dr.  Guppy's  classification. 

>  Trans.  Roy.  Soc.  Edin.,  vol.  xxxii  (1887),  pi.  cxlv,  fig.  3. 
'  **  The  Solomon  Islands,  their  Geology,*'  etc.,  p.  74. 
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At  Bill  village  and  on  the  south  coast  of  New  Georgia  (F.  296) 
infaeeous  limestones  ocoasionally  occur  on  the  face  of  the  cliffs. 
They  are  of  spongy  texture,  and  are  evidently  the  result  of  springs 
percolating  through  coral  rook  and  other  calcareous  deposits.  Under 
the  microscope  they  show  the  usual  banded  structure  due  to  the 
deposit  of  minute  calcite  crystals. 

At  the  western  end  of  Tetapari  Island  (F.  304)  was  found  a 
deposit  of  volcanic  mud  devoid  of  calcareous  matter.  Very  little  of 
this  specimen  is  soluble  in  acid,  and  what  is  left  is  like  the  residue 
left  on  acting  on  the  forarainiferal  mud  of  the  same  island  with  acid. 
It  is  evidently  a  volcanic  mud  which  happens  to  be  almost  devoid  of 
organisms,  either  from  the  loss  of  them  by  solution,  or  more  likely, 
as  the  rock  is  fairly  compact,  from  the  circumstances  of  its  deposition. 

On  a  hill  summit,  about  a  mile  inland,  on  Ugi  Island,  Lieut. 
Waugh  found  a  curious  rotien'Sione  (F.  302).  Fragments  of  coral 
showing  structure  were  found  in  the  same  locality,  so  that  the  rock 
is  almost  certainly  the  result  of  the  operation  of  solution  on  a 
foraminiferous  mud  like  that  already  described  in  this  note  and  like 
those  described  by  Guppy  in  this  island.  The  rock  is  cavernous, 
the  hollows  revealing  the  shapes  of  dissolved  foraminifera.  Very 
little  of  it  is  soluble  in  acid,  and  the  residue  consists  of  tine  clay  with 
a  few  chips  of  volcanic  minerals,  such  as  felspar,  augite,  and  olivine. 
Mr.  Newton  remarks  that  ''In  one  instance  a  foraminifer  was  itself 
preserved  in  some  material  which  was  not  affected  by  acid." 

Two  examples  of  siliceous  deposits  were  found— one  in  Florida 
Island,  about  20  feet  above  high  water-level  (F.  280),  and  one  on 
Gravutu  Island,  just  opposite,  at  10  feet  above  the  same  datum 
(F.  285).  They  are  white  or  cream-coloured,  banded  rocks,  rough 
and  siliceous  in  feel,  light  in  weight,  and  with  one  or  two  coarser 
layers  which  contain  a  preponderance  of  chips  of  volcanic  minerals 
that  are  present  in  some  quantity  throughout  the  rock ;  these 
nn'nerals  include  felspar,  augite,  hornblende,  and  olivine,  with  a 
little  quartz.     I  append  Mr.  Newton's  full  description — 

"  A  fine-grained,  friable  rock,  which  does  not  effervesce  with  acid, 
was  examined  both  in  section  (F.  280)  and  also  as  a  powder. 
Under  the  microscope  it  was  found  to  contain  numerous  organic 
remains,  chiefly  the  spicules  of  tetractinellid  sponges,  and  these  of 
many  different  forms,  with  fragments  which  indicate  the  presence  of 
radiolaria.     No  foraminifera  were  detected. 

'*  F.  285  is  another  specimen  of  a  very  similar  rock.  Like  the 
last,  it  did  not  effervesce  with  acid,  and  under  the  microscope  very 
few  organisms  could  be  found ;  but  those  that  were  present  were 
similar  sponge  spicules  and  possibly  radiolaria. 

"  It  will  be  evident  that  the  conditions  under  which  these  two 
rocks  were  formed  were  quite  unlike  those  necessary  for  the  formation 
of  the  coral  rocks,  and  they  may  possibly  indicate  somewhat  deeper 
water.  The  deep-sea  clay  mentioned  by  Guppy  ^  is  quite  unlike 
these  specimens,  for  that  is  somewhat  calcareous  and  contains  but 
few  sponge  spicules.'* 

*  Tnmfl.  Roy.  Soc.  Edin.,  toI.  xxxii,  p.  558. 
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II. — TJie  Igneous  Rocks. 

The  igneous  rocks  collected  by  Lieut.  Waugh  appear,  with  two 
probable  exceptions,  to  be  the  products  of  recent  volcanoes.  Some 
of  them  are  andesites  corresponding  very  closely  with  those  in  the 
large  series  deposited  by  Dr.  Guppy  in  the  British  Museum  and 
described  by  the  late  Mr.  T.  Da  vies.  By  the  kindness  of  Mr. 
Fletcher  and  Mr.  Prior,  I  have  been  allowed  to  look  over  the  slides 
of  these  rocks,  and  I  desire  to  record  my  hearty  thanks  to  these 
gentlemen  for  the  privilege  accorded  to  me.  Some  others  of  the 
rocks  collected  by  Dr.  Guppy  are  at  present  lodged  at  the  Royal 
College  of  Science,  and  they  have  been  examined  by  Prof.  Judd. 
The  latter  has  been  so  kind  as  to  allow  me  to  study  his  slides  and 
specimens.  He  has  not  only  given  me  every  possible  facility  for 
working  at  them,  but  he  allowed  me  to  see  his  notes  on  the  specimens, 
for  which  I  desire  to  thank  him  cordially.  His  specimens  have, 
however,  little  bearing  on  the  present  communication,  except  that  he 
recognized  orthorhombic  as' well  as  monoclinic  pyroxene  in  some  of 
the  andesites.  The  plutonic  rocks  of  Prof.  Judd's  collection  are  not 
represented  at  all  amongst  those  which  have  been  submitted  to  me 
from  New  Georgia  and  elsewhere. 

There  are,  however,  in  New  Georgia  a  number  of  much  more 
basic  rocks,  porphyritic  olivine-ha salts,  which,  from  the  state  of 
preservation  of  their  minerals,  are  almost  certainly  recent  volcanic 
products.  No  rocks  quite  like  them  are  to  be  found  in  the  British 
Museum  collection  or  in  Prof.  Jndd's  series. 

The  occurrence  of  these  two  types  of  volcanic  rocks  in  New 
Georgia  confirms  Dr.  Guppy's  surmise  that  the  island  would  be  found 
to  be  volcanic  in  structure.  Although  he  was  unable  to  visit  it,  be 
inferred  from  its  geographical  position  that  it  would  be  made  up  of 
recent  volcanic  products,  as  it  was  situated  on  the  important  volcanic 
line  proceeding  from  Bougainville  Island. 

The  igneous  rooks  may  be  classed  as  follows  : — 

(1)  Porphyritic  oli vine-basalts  with  very  little  porphyritic  felspar. 

(2)  ,,  ,,  „  „         olivine. 

(3)  Augite-andesites. 

(4)  Hypersthene-andesites. 

(5)  Hornblende-andesites. 

(6)  Augitio  trachytes. 

(1)  Porphyritic  olivine-ba salts  with  very  little  porphyritic  felspar 
appear  to  be  very  common  in  the  south-east  of  the  island.  One 
specimen  comes  from  the  summit  (F.  289)  and  one  from  the  foot 
(F.  287)  of  the  Karu  Mahimba  Range,  and  three  others  from  or 
near  a  river  which  drains  the  southern  spurs  of  that  range  (F.  284, 
292,  and  293).  They  are  dark-grey  rocks  weathering  brown,  and 
they  show  on  the  fractured  surface  fresh  porphyritic  crystals  of  green 
olivine  and  black  augite,  but  no  felspar.  Under  the  microscope  the 
augites  are  seen  to  be  often  aggregated  into  groups ;  the  individual 
crystals  are  sometimes  zoned,  and  they  contain  fair-sized  patches  of 
magnetite.     Tliey  are  slightly  pleochroio,  in  colours  of  pale  yellow 
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to  pale-yellowish  green.  The  olivine  is  frequently  idioraorphic  and 
tends  to  ooonr  in  single  individuals  rather  than  in  groups ;  and 
although  nsually  quite  fresh,  it  has  often  a  brown  border,  and  is 
Bometimes  converted  entirely  into  the  substance  known  as  iddingsite. 
Large  grains  of  iron-ore  are  generally  present,  but  phenocrysts  of 
felspar  are  small  and  scarce,  and  they  tend  to  graduate  down  to  the 
smaller  crystals  of  the  ground-mass;  the  extinctions  appear  to 
indicate  that  this  felspar  is  labradorite.  The  ground-mass  consists 
of  augite  granules,  iron-ore  dust,  and  felspars  in  the  form  of  stuiupy 
prisms,  laths,  or  needles,  all  of  which  are  striated,  with  a  very  little 
brown  mica.  The  felspars  usually  show  flow-structure,  and  a 
little  interstitial  glass  can  be  made  out  One  variety  of  this  rock 
(F.  289)  contains  a  rather  larger  number  of  labradorite  phenocrysts, 
which  are,  however,  not  large  in  size. 

(2)  Porphyritic  olimne-basaU  with  abundant  phenocrysts  of  felspar 
ocoars  at  the  summit  of  Dubatina  Mountain  (F.  295)  and  at  the 
summit  of  Eutelike  Mountain  (F.  283),  portions  of  ranges  which 
run  north  and  south  respectively  from  the  Karu  Mahimba 
Bange.  The  rocks  are  rather  darker  in  colour  than  the  last  type, 
and  they  show  needle-like,  twinned  crystals  of  felspar  on  their 
broken  surface,  with  occasional  dark  crystals  of  augite.  The 
weather  appears  to  penetrate  deeply  into  them,  and  one  of  the 
specimens  is  coated  with  a  thick  brown  crust.  The  principal  pheno- 
crysts consist  of  a  felspar,  apparently  labradorite,  with  a  high 
refractive  index ;  usually  it  has  a  clear  border  which  extinguishes  at 
slower  angle  than  the  core,  and  into  this  the  twin  striation  penetrates. 
The  angite  is  like  that  already  described,  but  it  is  beautifully  zoned, 
and  the  olivine  which  is  not  very  abundant,  is  in  small  grains  more 
or  less  replaced  by  serpentine.  The  ground-mass  consists  of  stumpy 
felspars,  augite  granules,  and  magnetite  dust,  and  it  does  not  appear 
to  contain  any  unaltered  glass.  In  one  specimen  of  this  rock 
(F.295)  the  felspar  is  commonly  in  cruciform  twins,  and  the  crystals 
possess  cores  or  belts  of  minute  inclusions  with  a  border  of  clear 
felspar. 

(3)  The  nugite-andesttes  require  little  notice,  as  most  of  them  are 
identical  with  those  described  in  Dr.  Guppy's  book.  One  specimen 
(F.  286)  was  collected  near  the  sea- level,  and  one  (F.  291)  at  the 
summit  (672  feet)  of  Marovo  Island,  which  is  practically  the  south- 
eastward extension  of  New  Georgia.  The  rooks  are  light  grey  in 
colour,  with  an  irregular  fracture,  and  a  rather  horny  surface  which 
shows  phenocrysts  of  felspar.  No  olivine  is  present,  and  augite  is 
by  no  means  so  common  as  in  the  biisalts.  The  principal  phenocrysts 
are  of  plagioclase  felspar,  either  as  carlsbad  or  albite  twins,  the  latter 
giving  such  extinctions  as  to  show  that  the  felspar  is  somewhere 
between  andesine  and  labradorite.  The  interior  of  the  felspars  often 
exhibits  a  moirie  structure,  which  is  not  observable  in  the  outer 
shelL  The  ground-mass  is  made  of  elongated  felspar  microlites 
giving  extinctions  proving  that  they  belong  to  the  oligoolase-andesine 
series,  with  augite  granules  and  a  small  quantity  of  iron-ore  dust  set 
in  a  brown  glass,  which  passes  locally  into  bright  orange  patches 
with  a  weak  aggregate  polarization,  apparently  a  form  ol  pola^ot^V.^. 
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(4)  Only  one  sample  of  hyperathene-andesite  has  reached  me ;  it 
is  from  a  rounded  pebble  found  40  feet  above  high-water  level 
on  a  small  island  on  the  reef  in  the  Gizo  group  (F.  244).  It  shows 
glassy  felspars  in  a  grey  andesitio  matrix.  The  section  exhibits 
zoned  plag^oclase  felspars,  which  belong  to  the  more  acid  division  of 
the  labradorites,  a  few  green  hornblendes,  small  augites,  and  fairly 
abundant  crystals  of  hypersthene,  imbedded  in  a  brown-tinted  ghuM 
containing  a  few  felspar  microlites  and  black  trichites  in  such  plenty 
as  to  give  the  glass  its  brown  colour.  In  the  British  Maseam 
collection  I  have  noticed  similar  hypersthene  in  the  andesites  from 
the  Shortland  Islands,  and  Prof.  Judd  has  noted  its  ooourrence  on 
Simbo  or  Narovo  Island.^ 

(5)  The  single  example  of  hornblejide-andeaite  comes  from  the 
summit  of  Evorai  Mountain,  on  the  north  coast  of  New  Qeorgia 
(F.  294),  and  is  much  decomposed.  It  is  of  a  dirty  grey  colour, 
and  has  scattered  through  it  large  porphyritic  crystals  of  hornblende, 
some  of  them  being  half  an  inch  long.  With  a  lens,  felspar  crystals 
and  smaller  ferro-magnesian  minerals  can  be  seen.  The  fine 
collection  in  the  British  Museum  contains  a  large  number  of  rocks  of 
similar  microscopic  character,  and  in  this  collection  every  gradation 
from  hornblende  to  aug^te-andesite  can  be  studied.  A  specimen  in 
Prof.  Judd's  collection  from  the  north  part  of  Piedu  Island  is  also  like 
this  rock  in  macroscopic  aspect  Plagioclase  felspar,  a  labradorite, 
with  zoning  and  multiple  twinning,  is  abundant  as  a  porphyritic  con- 
stituent. The  hornblende  is  deep  brown  in  colour,  and  asually  has 
an  opaque  black  border,  which  sometimes  extends  into  the  crystal 
or  even  replaces  the  whole  of  it.  Iron-ore  granules  and  a  few 
crystals  of  augite  are  present,  and  there  are  also  pseudomorphio 
patches  of  chlorite  and  magnetite  which  appear  to  replace  the  latter 
mineral.  The  ground-mass  is  of  minute  felspar  crystals,  matted 
together  in  a  clear  glass,  which  also  contains  iron-ore  dust  and 
serpentinous  replacements  of  a  ferro-magnesian  mineral. 

(6)  Augitic  trachyte, — A  remarkable  rock,  which  probably  belongs 
to  this  class,  occurs  on  the  slopes  of  Kutelike  (F.  288).  It  is  not 
like  the  other  rocks,  nor,  indeed,  is  it  quite  like  any  one  with  which 
I  am  acquainted.  It  is  light  grey  and  granular  in  aspect,  traversed 
by  innumerable  minute,  joint  fissures,  and  exhibiting  on  the  broken 
surface  crystals  of  black  augite  and  occasional  felspars  imbedded  in 
a  white  matrix.  Under  the  microscope  the  bulk  of  the  rock  is  seen 
to  be  made  up  of  small  crystals  of  felspar,  which  are  rhomboidal  in 
section,  and  are  almost  entirely  devoid  of  twinning,  except  now  and 
then  on  the  carlsbad  plan.  They  are  beautifully  zoned,  the  outside 
extinguishing  at  a  lower  an^le  than  the  interior.  The  refractive 
index,  where  it  can  be  determined,  appears  to  be  higher  than  that  of 
Canada  balsam.  On  placing  the  powdered  rock  in  a  diflfusion  column 
of  methylene  iodide,  about  half  the  felspar  floats  in  liquid  with  a 
density  of  2'57,  proving  that  a  good  deal  of  the  felspar  is  orthoclase. 
Another  portion  floats  at  2*62.  This  seems  to  indicate  that  orthoclase 
and  albite  are  present  in  about  equal  proportion,  and  it  is  quite 

^  "  The  Solomon  Islands,  their  Geology,**  etc.,  p.  44,  footnote. 
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possible  that  the  crystals  possess  cores  of  albite  surrounded  by  zones 
of  orthoolase.  A  striated  felspar  has  been  found  in  a  slide  prepared 
from  another  rock  from  the  same  general  locality.  A  few  pbeno- 
orysts  of  green  augite  are  present,  and  also  one  or  two  of  hornblende. 
The  ground-mass  is  obscure,  but  it  appears  to  be  made  up  of 
a  smaller  generation  of  similar  felspars,  augite  prisms,  and  magnetite 
with  little  or  no  glass. 

Only  two  other  rocks  remain  for  description.  One  from  Yongi 
Mountain,  on  an  island  south-east  of  New  Georgia,  is  a  porphyritic 
olinne-basalt  (F.  243)  in  which  the  minerals  are  somewhat  altered, 
so  that  the  rock  may  possibly  belong  to  the  rather  older  group 
referred  by  Mr.  T.  Davies  to  the  diabases.  A  similar  rock,  but  one 
in  which  the  presence  of  olivine  cannot  be  absolutely  demonstrated, 
is  that  from  Gizo  Island  (F.  245).  The  felspars  are  much  decom- 
posedy  and  the  augite  somewhat  altered ;  the  rock  is  a  porphyritic 
basalt,  which  contains  pseudomorphs  after  olivine  or  hypersthene — 
which,  I  cannot  say. 

III. — Summary. 

The  general  result  of  the  investigation  of  this  collection  is  to 
show  that  New  Georgia  consists  chiefly  of  volcanic  rocks  belonging 
both  to  the  andesitic  and  basaltic  division,  and  probably  of  recent 
date.  At  the  edge  of  the  island  organic  rocks  have  been  deposited 
in  connection  with  the  great  barrier  reef,  and  no  organic  rocks  have 
yet  been  detected  at  any  considerable  distance  inland. 

The  chief  rocks  from  Tetapari  Island  and  the  Florida  group  are 
made  of  organic  material  mixed  with  volcanic  mud,  the  latter  some- 
times entirely  excluding  the  former  substance.  Occa8ionally  the 
calcareous  matter  is  leached  out  of  a  rock  of  this  nature,  leaving  a 
rotten-stone  behind  which  can  only  be  distinguished  from  a  pure 
volcanic  mud  by  its  open  texture  and  its  casts  of  organisms. 
Another  i-esult  of  this  action  is  the  formation  of  tufas.  On  and  near 
Florida  Island  there  also  occurs  a  peculiar  deposit  of  siliceous 
material,  made  of  the  remains  of  sponge  spicules  and  radiolarian  tests. 

Quppy  notes  that  the  interstices  of  coral  rock  are  filled  in  with 
the  relics  of  foramiuifera  and  other  small  calcareous  organisms. 
On  Tetapari  Island  this  foraminiferal  material  occurs  in  considerable 
quantity  between  the  coral  blocks  in  the  limestone  of  the  shore. 

VIII. — Analysis  op  a  Spherulitk  and  the  Matrix  in  a  Natural 

AND  AN  Artificial  Rook. 

By  H.   H.   F.  Hyndman,  B.Sc.  ;   with  Notes  on  their  Microscopic  Structure  by 

Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  F.K.S. 

THE  differences  in  chemical  composition  between  spherulites  and 
the  matrices  which  contain  them  have  been  determined  by 
many  analysts.  Michel  Levy,  in  a  long  and  comprehensive  paper,^ 
quotes  some  former  analyses  by  Delesse,^  comparing  them  with  his 
own,  which  they  closely  resembled.     Lagario^  gives  many  analyses 

>  Boll  Soc.  Geol.  France,  v,  3rd  series,  p.  232  (1877). 
*  Ann.  de8  Mines,  xvii,  4th  series,  p.  116  (1850). 
»  See  Teall's  *'  BritUb  Petrography,"  p.  397. 
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which  are  especially  va1uahle»  as  he  compares  results  from  acid 
with  those  from  intermediate  and  basic  rooks,  and  finds  a  distinct 
difference  between  them.  The  relations  of  these  results  will  be 
briefly  considered  at  the  end  of  the  present  paper. 

I.  The  Natural  Sphebulitio  Rook. 

The  specimen  examined  was  obtained  by  Prof.  Bonney  at  Boulay 
Bay.  Jersey,  the  noted  locality  for  "  pyromerides  *' ;  it  did  not, 
however,  come  from  a  rock  in  «t<tl,  but  was  a  loose,  somewhat 
rounded  block  on  the  shore,  measuring  about  eight  inches  across, 
and  the  spherulites  are  smaller  than  in  the  ordinary  pyromeride. 
Still,  he  had  no  doubt  that  it  had  once  formed  part  of  the  rhyolitio 
mass,  for  this  exhibits  many  variations.  The  matrix  is  of  a  pale 
yellowish -green  colour,  something  like  sea- water,  but  looking  rather 
opaque.  The  spherulites  are  reddish,  sometimes  pale  red,  becoming 
whitish  towards  the  outside,  sometimes  with  an  outer  zone  of  darkish 
purple  red.  They  generally  exhibit  some  indication  (occasionally 
distinct)  of  radial  structure. 

Under  the  microscope  the  matrix  is  cracked  and  sometimes  dis- 
tinctly perlitic.  The  green  tinge  is  evidently  caused  by  a  mineral 
which  occurs  in  minute  plumes,  irregularly  scattered,  giving  fairly 
high  colours  with  crossed  nicols,  and  belonging  probably  to  the 
chlorite  group.  Microliths  and  granules,  mostly  ferrite,  are  not  rare. 
With  crossed  nicols  the  matrix  is  seen  to  be  devitrified,  a  mosaic 
of  somewhat  irregularly-shaped  minerals,  varying  in  size  in  different 
parts  and  affording  rather  low  tints ;  quartz  is  certainly  present,  as 
well  as  felspar,  but  as  the  one  mineral  is  often  rather  dirty,  and  the 
other  is  slightly  decomposed  and  untwinned,  it  is  not  easy  in  all 
oases  to  distinguish  them. 

The  spherulites,  though  the  boundary  is  generally  sharply 
defined,  are  less  regular  in  structure  than  one  would  have  anticipated  ; 
they  are  not  un frequently  cracked  and  traversed  by  veins  of 
chalcedonic  quartz.  Portions  sometimes  had  been  displaced  before 
the  matrix  became  solid.  The  outer  part  often  exhibits  a  kind  of 
lobate  growth,  which  seemingly  is  developed  from  the  surface 
inwards,  comparable  with  that  of  a  nullipore  like  lithothamnion,  as 
seen  in  a  slice  of  limestone.  A  radial  structure  is  perceptible, 
though  not  very  distinct,  as  in  axiolites.  Sometimes,  however,  this 
structure  is  exhibited  in  the  usual  way,  throughout  the  outer  zone, 
and  is  then  replaced  (for  a  space)  by  one  less  regular.  The  interior 
often  presents  a  more  distinctly  radial  structure,  but  it  is  minute,  and 
crowded  granules  of  clear  quartz  sometimes  occur. 

When  the  rock  was  sampled  for  analysis,  it  was  found  possible  in 
many  cases  to  break  the  spherulites  out  complete ;  only  those  which 
were  perfect  in  this  way  were  used.  To  obtain  a  good  sample  of  the 
matrix  was  much  more  difficult  At  first  sight  the  rock  left  after 
breaking  away  the  spherulites  appeared  fairly  homogeneous,  but  on 
closer  inspection  it  was  difficult  to  find  even  a  small  portion  which 
did  not  contain  part  of  an  incipient  spherulite.  The  end  was 
attained  by  carefully  breaking  away  small  pieces  from  the  rock  just 


Hyndman  and  Bonney — Analysis  of  SpheruUtes.         367 


rarrouDtliDg  the  better-formed  spherulites.  Tliis  material  possessed 
the  sea-green  colour  mentioned  above,  and  when  finely  powdered  was 
white,  while  the  spherulites  gave  a  reddish  powder.  It  was  found 
that  quite  a  minute  portion  of  a  partly-formed  spherulite  produced 
a  distinct  tinge.     The  results  were  as  follows : — 

Spherulite.  Matrix. 

SiOa  73-23»       ...         78*401 

Bis Os  and  oxides  resembling  it ...  0*61        ...  0*58 

Al^Os        ...        ...         ...         ...         11*45         ...  8*81 


Jr Cj  V/3  •••  .*•  ••• 

Cu  0    and  oxides  resembling  it 

*  V  V^  ...  •«.  ... 

J^lv/  ...  ...  ... 

^a  v/  ...  •••  «.. 

MgO  ...  ... 

IT  n 

j^j  *'  ...  ...  ••• 

^aj  \f  .*.  •••  ... 

Jl-2  vl  •■•  ...  ... 


11*45 
4-50 
0-30 

•  •  • 

trace 

0*38 

0*02 

2*77' 

514' 

0*81 

99*11 

Spherulite. 

39*05 

05 

6*33 

1*36 

•06 


trace 

4*02» 

0*29 

0*67 

0*20 

2*62 

3*06 

1*53 

100-08 

Matrix. 
41*81 
•06 
4*10 


SiO, 


2*74 
3*45 


•11 

•  •  • 

•47 

2*10 

•71 

6*73  :   39*05 


•88 
*06 
•16 
•005 
•45 
•79 
1*34 


2*345 
3*68 


4*16  :  41*81 


Oxygen  ratio  * — 

SiO, 

BiaOj 

AlsOa 

FcO, 

CuO 

FeO 

NiO 

CaO 

MgO 

KjO 

NajO 

HjO 

RO  :  R2O3  :  I 
Including  Hj  0 

The  method  of  analysis  employed  for  all  except  the  alkali  metals 

was  thorough  fusion  in  a  platinum  crucible  with  mixed  alkaline 

carbonates.      The  spherulite  gave  a  light  greenish  mass,  and  the 

matrix  a  still  lighter  one  ;    they  both   dissolved   easily  in   dilute 

hydrochloric  acid,  and  were  evaporated  to  dryness  twice  with  this 

acid.     The  sulphuretted  hydrogen  precipitate  was  brownish  black 

in   both  cases.      After  the  separation  of  the   aluminum  and  iron 

hydroxides,  the  nickel  was  precipitated  by  ammonium  sulphide,  and 

the  amount  being  small  it  was  weighed  as  sulphide.     The  double 

determinations  of  the  silica  were  obtained  by  treating  the  preliminary 

qualitative  examination  as  quantitative,  until  the  silica  had  been 

separated. 

In  each  case  the  powdered  rock,  spread  out  on  a  watch-glass,  was 
heated  for  some  hours,  to  about  110°F. ;  the  loss  of  weight  was  small, 
only  amounting  to  -36  per  cent,  in  the  matrix.     The  powder  was 

*  Mean  of  two.  '  All  the  iron  is  calculated  oa  Fe  0. 
'  Another  calculated  as  Xaj  0  =  7*48. 

4  mv  A.'    '  IX    ^/o  oxide  in  rock  x  %  oxygen  in  oxide 

•  The  oxygen  ratio  is  equal  to   ^ 1° — '-^ 


368  Hyndman  and  Bonnet/ — AnalysU  of  Spherulites. 

then  transferred  to  a  platinum  dish  and  heated  over  the  blowpipe, 
the  loss  of  weight  being  taken  as  equal  to  the  combined  water.  The 
iron  was  determined  in  each  case  by  the  titration  of  an  aliquot 
part  of  the  solution,  the  result  being  calculated  to  Fe^O,  in  the 
case  of  the  spherulite,  and  to  Fe  0  in  that  of  the  matrix ;  since 
a  preliminary  test  showed  that  this  contained  a  considerable 
quantity  of  FeO,  with  probably  a  little  Fe,0,. 

The  alkalies  were  determined  by  heating  the  finely-powdered  rock 
with  ammonium  chloride  and  calcium  carbonate,  treating  with  water 
and  precipitating  the  bases  from  the  solution  ;  the  potassium  was 
then  separated,  and  weighed  as  potassium  platino-chloride. 

In  the  analyses  of  typical  felspars,  taking  the  Al,  O,  as  unity,  the 
other  constituents  occur  in  the  following  proportions  : — 

Orthoclase.  Albite. 


Al,03 

•  •• 

•  •• 

1 

■•• 

••• 

1 

SiO, 

•  •  • 

•  •  • 

3-49 

••• 

••• 

3-50 

K,0 

•  •  • 

•  •  • 

0-90 

•  •  • 

•  •  • 

— 

NaaO 

•  •  • 

•  •• 

— 

•  •• 

•  •  • 

0-60 

If,  then,  in  the  above  analysis  of  the  spherulite  we  suppose  the  E,0 
to  be  present  in  orthoclase  and  the  Na,  0  in  albite,  we  find,  using 
these  proportions,  that  the  alumina  is  almost  exactly  the  amount 
required,  and  that  about  28*5  of  the  Si  0,  remains :  that  is  to  say, 
the  spherulite  must  consist  almost  entirely  of  albite,  orthoclase,  free 
quartz,  and  some  ferric  oxide,  and  there  is,  roughly  speaking,  three 
times  as  much  albite  as  orthoclase,  the  felspars  making  up  rather 
less  than  two-thirds  of  the  mass. 

In  the  matrix  the  felspars  occur  in  smaller  quantity  and  in  more 
nearly  equal  proportions  (the  albite  still  dominating),  and  there  is 
a  larger  amount  of  free  quartz. 

Both  these  analyses  could  find  pamllels  among  the  published 
bulk-analyses  of  felsites  or  volcanic  glasses.  Both  (before  devitri- 
fication) would  represent  dacites.  but  the  matrix  has  the  nearer 
relation  to  the  rhyolites.  These  analyses  accord  with  the  con- 
chisions  of  Lagario,  especially  in  the  larger  proportion  of  soda  in 
the  spherulite,  and  in  most  of  the  cases  given  by  him  the  silica 
percentage  is  higher  in  the  matrix. 

The  following  analyses  of  a  spherulite  and  of  the  matrix  are  given 
by  Michel  Levy  (Bull.  Soc.  GeoL  France,  v,  3rd  series,  p.  248). 

Spheul'lite.  Matrix. 


Oxygen  ratio. 

Oxygen  ratio 

SiO, 

66-90 

...     30-34         

45-08 

24-04 

A1203 

19-24 

...       8-98         

22-17 

10-35 

FeO 

6-28 

...       1-39         

12-55 

2-79 

CaO 

9-41 

...       2-68         

6-62 

1-87 

MgO 

6-80 

...       2-32         

13-00 

6-20 

K2O 

0-59 

...       0-10         

0-65 

0-11 

NaaO 

4-16 

...       107         

1-69 

0-41 

102-38 

101-66 

Loss  on  heating    ...       2-00  6*27 

RO  :  B2O3  :  Si02        7-66  :  898  :  30-34        10  40  :  10-35  :  2404 
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These  analyses  differ  considerably  from  those  given  above.  Here 
not  only  the  silica  is  greater  in  the  spherulite,  but  also  the  lime  and 
alkalies :  this  gives  a  perfectly  different  relation  to  that  found  in  the 
above  analyses,  as  shown  by  the  ratio  of  the  oxides.  The  large 
quantity  of  magnesia  may  be  responsible  for  the  difference. 

11.  Tbs  Abtifioial  Sphbrulitio  Rook. 

The   specimen   analyzed    had   been   given   to   Prof.  Bonney  by 

Mr.   F.   Siemens,   of   Dresden.      It  was  a  bottle  glass  of  a  rich 

resin   brown    tint    (such  as  is  often    seen   in   hock   bottles),  and 

the    spherulites    are    of    a    pale-cream    or    yellow -ochre    colour.^ 

Under  the  microscope  the  glass  exhibits  only  the  very  palest  tinge 

of  brown,  and  is  almost  free  from  microlithic  enclosures ;  these,  as 

far  as  they  occur,  being  minute  specks,  like  a  dark  dust.    Crystallites, 

however,  project  from  the  border  of  the  spherulite   for  a  short 

distance  into  the  glass.     The  spherulite  consists'  of  (a)  ferrite  in 

small  irregular  patches ;    (6)  an  acicular  clear  mineral,  clustered  and 

radiating,  forming  the  mass  of  the  spherulite ;  (c)  tufts  consisting 

of  a  few  clear  acicular  crystallites,  diverging  like  a  bundle  of  sticks 

loosely  tied  in  the  middle.     With  ordinary  light  the  radial  structure 

appears  to  dominate,  zoned  by  concentric,  more  opaque  bands,  but 

with  crossed  nicols  the  tufted  structure  completely  overpowers  it  in 

certain  clearer- looking  bands  towards  the  exterior,  and  is  more  or 

less  conspicuous  in  all  the  outer  part  of  the  spherulite,  except  for 

about  the  last  one-thirtieth  of  an  inch,  where  the  radial  structure  is 

almost  exclusively  present.     The  feathery  exterior  of  the  spherulite 

appears  to  be  formed  of  microliths  grouped  fern-leaf  fashion  ;   two 

Bets  of  crystallites  diverging  at  angles  of  about  50^  from  a  central 

stem.     The  crystallites  in  the  tufts  certainly  extinguish  obliquely, 

though  the  angles  are  not  large,  perhaps  within  about  12^  of  the 

edge.     It  is  difficult   to  ascertain    the   extinction  of  the   radially 

grouped  crystallites,  but  probably  this  also  is  oblique. 


Analyses. 

Granite.' 

s              • 

Spherulite. 

Matrix. 

SiO, 

69-30 

68-60 

56-89 

BijOa 

••• 

0-42 

trace 

Al,03 

17-70 

13-33 

10-21 

Fe,03 

1-10 

•  •  • 

313* 

CuO 

■  •  • 

trace 

2-47 

FeO 

•  •• 

2-76 

•  •  • 

CaO 

1-60 

8-ao 

1-71 

MgO 

0-13 

0-28 

106» 

k:o 

3-45 

5-62 

6-20 

NijO 

5-20 

10-31 

17-81 

98-48  99-62  99-48 

^  In  making  this  glass  the  principal  material  employed  is  a  granite  or  granolite. 
Sej  President's  Address,  Quart.  Joum.  Geol.  Soc.  1885,  Proc.,  pp.  88,  90. 
.   *  The  description  is  written  from  a  new  slice,  which  is  thinner  than  the  one  used 
in  1885. 

'  Vt  suprd. — Of  two  analyses  given  of  the  original  granite,  the  most  likely  one 
^f  the  two  is  chosen. 

*  The  iron  here  is  prohably  too  high.  *  Probably  contains  some  lime. 
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Splienilite. 

Matrix. 

31-25 

30-34 

•04 

•  •  • 

6-21 

4-76 

•  •• 

•94 

•  •• 

•60 

•61 

•  •  ■ 

237 

•49 

•11 

•42 

•95 

105 

8^66 

4*60 

3034 

6-7  : 

6-26  :  3126 
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Oxygen  ratio — 

Bi2  O3  and  oxides  resembling  it    .. 

^1l12  ^3  ••*  *■*  ***  ** 

JL  62  ^-^3  ***  ■*■  ••*  •• 

Vi/  U    \^  ■••  •••  •••  •• 

Jl  G  v^         •••      •••      ••■      •• 

v/K  V/         ■••      •••      •••      •• 

JmK  v'  •••  ••  •  ••• 

■aVo  KJ  •••  •«■  ••■ 

j^ a2  ^  •«•         •••         •••        •• 

R  O  :  K2  O3  :  Si  O3  706  :  5-70 

The  matrix,  on  fusion  with  mixed  alkaline  carbonates,  gave  a 
bright  blue-green  mass,  and  this  dissolved  to  a  yellow  liquid  on 
solution  in  dilute  hydrochloric  acid.  The  percentage  of  iron  in  the 
matrix  appears  to  be  high,  and  cannot  be  correct  unless  iron  came  in 
as  an  impurity  in  the  materials,  or  was  added  for  colouring  purposes. 
The  copper,  which  practically  remains  in  the  glass,  has  been  un- 
doubtedly added  for  this  re€tson.  The  general  processes  of  analysis 
and  the  method  of  determination  of  the  alkali  metals  were  carried 
on  in  the  same  manner  as  in  the  former  analyses. 

It  is  not  easy  to  interpret  the  bulk-analysis  of  the  spherulite,  and 
we  must  bear  in  mind  the  possibility  that,  as  it  is  an  artificial 
product,  the  constituent  minerals  may  not  correspond  with  any  that 
occur  in  nature.  Comparing  with  the  analysis  of  the  original 
granite,  it  is  evident  that  some  lime,  potash,  and  a  considerable 
quantity  of  soda  must  have  been  added  in  some  form  or  other. 
A  rough  calculation,  however,  indicates  that  if  the  potash  were 
present  as  orthoclase,  and  some  of  the  soda  as  albite,  this  would  use 
up  the  alumina  and  about  seven-tenths  of  the  silica;  the  remainder 
of  this,  with  the  rest  of  the  soda,  the  lime,  magnesia,  and  iron 
protoxide,  might  form  a  mineral  allied  to  the  soda  pyroxenes. 

The  silica  percentage  of  the  granite  glass  is  comparable  with  that 
in  the  intermediate  rocks,  in  which  Lagario  ^  has  shown  that  the 
matrix  tends  to  become  a  mixture  of  quartz  and  orthoclase.  The 
analysis  given  above  does  not  agree  with  this,  as  the  matrix  has 
less  silica  and  more  soda  than  the  glass,  but  corresponds  fairly 
well  with  one  of  Dumas'  quoted  by  Professor  Bonney  in  his 
presidential  address ' ;  but  the  ratios  of  the  oxides  are  very  different. 

Crystallized  part.  Vitreous  part. 

SiOj       68-20  64-70 

AI2O3     4  90  3^60 

CaO        1200  12^00 

Na2  0      14-90  19-80 


10000 

10000 

Oxygen  ratio — 

SiO, 
AI2O3 
CaO 
NajO 

Crystallized  part. 
•*.         ...         36*37           ••• 

<*.           •••              ^*ZU              •.« 

...               ••*                  **   4-0                   ... 

•  •  •            ••  •              O*o4               ••• 

Vitreous  part. 

34-O0 

1-69 

3-43 

511 

RO  :  R2O3  : 

Si02            8-64  :  1*69  :   34  50 

727  :  2-2 

*  Loe.  cit,                            '  Loe,  eit. 

36-37 
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The  higher  percentage  of  soda  in  the  glass  is  probably  due  to 
the  artificial  conditions;  there  is  a  large  overdose  of  soda,  which 
cannot  crystallize.  Michel  Levy,  in  the  analyses  given  above  and  in 
others,  finds  that  the  silica  percentage  is  greater  in  the  spherulite, 
which  is  exactly  contrary  to  the  result  obtained  by  Lagario.  In 
this  it  will  be  seen  that  one  of  my  analyses  agrees  with  one 
authority,  and  the  second  with  the  other.  It  is  evident  that  the 
differences  between  the  matrix  and  spherulite  may  be  small  or  large 
and  one  way  or  the  other,  so  that  at  present  it  is  not  possible  to 
prove  any  constant  relation  between  them. 

The  following  papers  will  be  found  useful  for  reference,  including 
those  given  above  : — 

Bull.  Soc.   Geol.  France,   s^r.   3,  t-  iii,   p.   199 ;   ser.  3,   t.  v, 

p.  232.     Ann.  des  Mines,  s^r.  7,  t.  viii. 
Ann.  des  Mines,  ser.  4,  t.  xvii,  p.  li6.     Mem.  Soc.  g^l.,  ser.  2, 

t.  iv. 
Quart  Joum.  Geol.  Soc.  1885,  Proc,  pp.  88  and  90. 
Bull.  Soc.  Geol.  France,  s^r.  2,  t.  v. 
Bull.  Soc.  Geol.  France,  sdr.  3,  t.  xvi,  p.  927  ;    (Note  on  large 

Variolite),  s^r.  3,  t.  xvii,  p.  447. 
Zeitschrift  der  deutschen  geologiscben  Gesellschaft,  t.  xxviii. 
See  Teall's  *»  British  Petrography,"  p.  397. 


Michel  Levy. 

Delesse. 

Bonney,  T.  G. 

Potier. 

Wallerant. 

Bosenbuch. 
Lagario. 


IX. — On  a  new  British  Rook  containing  Nepheline  and 

ElEBKOKITB. 

By  T.  Barron,  A.R.C.S. 
Introduction. 

THE  mineral  riebeckite  was  first  discovered  by  Professor  T.  G. 
Bonney'  in  1882,  who,  in  a  paper  to  the  Royal  Society 
d^^ribing  a  series  of  rock -specimens  from  the  island  of  Socotra, 
noticed  the  occurrence  in  a  granite  of  a  mineral  which,  though 
presenting  characters  common  to  the  hornblende  group,  he  referred 
doubtfully  to  tourmaline. 

Four  years  later  Oebbeke'  described  a  mineral  from  the  island  of 
Sikoku,  Japan,  which  showed  intense  colour  and  pleochroism,  but 
differed  in  other  respects  from  glaucophane,  to  which  he  referred  it. 
The  following  year  Professor  A.  Sauer,^  of  Leipzig,  in  examining 
a  series  of  specimens  collected  by  Dr.  E.  Riebeck  from  the  island  of 
Socotra,  noticed  the  blue  mineral  described  by  Professor  Bonney. 
Having  isolated  and  analyzed  it,  and  determined  its  optical  properties, 
he  placed  it  among  the  amphiboles,  naming  it  riebeckite.  In  the 
same  year  Rosenbusch*  found  a  peculiar  variety  of  hornblende  in 
a  syenitic  lamprophyre,  which  agreed  in  its  optical  properties  with 
the  mineral  described  by  Sauer. 

In    1888   Professor  Bonney*   described    "a   peculiar   variety  of 

J  Phil.  Trans.,  toI.  clxxiv  (1883),  p.  283. 

'  Zeitfichr.  furKr)'st.,  vol.  xii  (1886),  p.  28o. 

'  Zeitachr.  der  Deutsch.  geol.  Gesellscb.,  vol.  xl  (1888),  p.  138. 

«  "  Die  massige  Gesteine,"  Bd.  ii  (1886-7),  p.  312. 

^  Mineralogical  Magazine,  vol.  viii  (1888),  pp.  103,  169. 
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hornblende  from  Mjnjdd  If awr.  CamanrDasblre,"  wbidi  ntemliM 
the  Socotn  mineral  very  cloaelj  in  its  geoend  charaoteiB.  H^ 
howerer,  referred  it  with  aome  hesitation  to  aHVsdaonite.  In  the 
same  year  Mr.  A.  Barker.'  who  had  been  stodying  this  same  rook 
in«1ependently,  referred  the  bloe  mineral  to  riebeckitSL  The  f(ri* 
lowiog  year  twci  other  localities  were  added  to  the  list  of  plaoetin 
which  it  occurs.  It  was  described  in  a  grannlita  horn.  Goisioi  by 
M.  Urbaiii  Le  Verrier ;  *  and  in  a  rock  of  the  same  doscfiption  from 
Colorado  by  Lacroiz.'  In  ld9l,  Mr.  J.  J.  H.  TealM  recorded  the 
occurrence  of  riebeckite  in  a  micro-granite  from  Ailsa  Craig.  The 
ful lowiog  year  it  was  described  in  a  granitite  from  Southern  Sikkinit 
India,  by  Mr.  T.  H.  Holland.* 

Riebeckite  has  also  been  described  by  Professor  Orenville  A.  J* 
Cole/  from  enrite-pebbles  collected  from  the  glacial  drift  of  the 
Isle  of  Man  and  Moel-y-Tryfaen ;  and  later  at  OreenoreJ  near 
Carlingford,  Ireland.  Professor  Sollas^  has  also  described  it  fruA 
the  glacial  drift  at  Groy stones,  co.  Wicklow. 

The  object  of  this  present  paper  is  to  add  one  moro  locality  to  the 
list  of  places  from  which  riebeckite  has  been  recorded,  and  to 
describe  a  rock  in  which  nepheline  is  associated  with  riebeckite  ^ 
a  combination  which  has  not  hitherto  been  recorded. 

Occurrence  in  the  Field. 

The  area  from  which  the  rocks  to  be  described  were  collect^, 
may  be  seen  by  referring  to  quarter-sheet  No.  25  of  the  Geologic^ 
Survey  of  Scotland.  The  specimens  were  obtained  from  three  hills 
in  the  valley  of  the  Tweed,  two  of  which  (the  Eildons)  lie  to  the 
west,  and  the  other  (Black  Hill)  lies  to  the  east  of  that  river. 
Viewed  from  the  east,  these  three  hills  stand  out  boldly  from  the 
surrounding  country,  forming  a  conspicuous  landmark.  They  ew 
isolated  pieces  of  what  was  once  a  continuous  mass  of  lava,  which, 
by  the  action  of  disintegrating  agents,  has  been  cut  into  ridgee 
liaving  a  general  trend  east  and  west.  That  ice  has  played  an 
imix)rtant  part  in  the  configuration  of  this  district,  may  be  seen 
by  a  glance  at  the  disposition  of  the  ridges  and  valleys;  and  tf 
confirmatory  evidence  I  have  found  glacial  striad  on  the  rooks  of 
the  Black  Hill.  But  the  lava  has  not  only  been  cut  into  ridgfi* 
lying  east  and  west ;  it  has  also  been  breached  by  the  Tweed  w 
a  southerly  direction.  In  this  way  the  Eildon  Hills  have  been 
separated  from  the  rest  of  the  mass.  The  eastern  side  of  the  Tweed 
valley  is  formed  at  this  point  by  the  escarpment  of  the  Old  B«d 
Sandstone,  capped  by  igneous  rock  ;  and  it  is  part  of  this  escarp- 
ment which  forms  the  base  of  the  Black  HilL     The  opposite  sideoi 

'  Geological  Magazine,  Decade  III,  Vol.  V  (1888),  p.  456. 

*  Conipt<;s  Ilendus  de  Acad,  des  Sciences,  tome  cix  (1889),  p.  38. 
3  Op.  cit.,  p.  39. 

*  Mineralo^cal  Maj^zine,  vol.  ix  (1891),  p.  219. 

*  KecurdH,  Geol.  Survey  of  ludia,  vol.  xxv,  pt.  3,  1892. 
^  .Mineralogical  Magazine,  vol.  ix  (1891),  p.  222. 
"  Nature,  vol.  xlvii,  p.  464. 
»  Proc.  Geol.  Assoc,  vol.  xiii  (1893),  p.  118. 
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the  valley  is  less  steep,  and  is  bounded  by  the  Eildon  Hills,  whioli 
are  also  formed  of  a  base  of  Old  Ked  Sandstone  capped  by  igneous 
rock. 

The  junction  between  the  Old  Bed  Sandstone  and  the  igneous 
rock  is  well  seen  in  a  quarry  on  the  south  side  of  the  Black  Hill. 
It  is  marked  by  a  layer  of  hard,  white,  siliceous  rook  twelve  inches 
thicky  which»  as  will  be  shown  later,  has  undergone  some  alteration 
by  contact  with  the  lava.  Underneath  this  layer,  the  sandstone  is 
soft  and  friable  for  several  feet,  but  gradually  passes  into  hard  sand- 
stone. In  this  soft  rock,  scales  of  Hoioptychius  are  found,  proving 
the  rock  to  be  of  Upper  Old  Red  Sandstone  age. 

The  character  of  the  rock  in  the  three  hills  from  which  the 
specimens  were  collected,  is  rather  variable,  llie  most  westerly 
hill  (Middle  Eildon)  is  composed  of  a  reddish -purple,  close-grained, 
felsitic  rook,  which  rises  in  a  steep  clifif  towards  the  south  and  east, 
but  slopes  more  gradually  towards  the  north  and  west.  On  the 
north  side,  the  rock  shows  a  marked  tendency  to  split  into  thin 
plates,  which  give  a  sharp,  metallic  sound,  when  struck  with  the 
hammer.  So  very  marked  is  this  tendency  to  split  into  thin  plates, 
that  it  is  extremely  difficult  to  obtain  a  specimen  of  any  thickness. 
On  the  south  side,  the  rock  is  much  more  compact,  and  breaks  with 
a  conch oidal  fracture. 

The  rock  composing  the  Black  Hill  is  somewhat  different  from 
that  already  described.  When  the  hill  is  traversed  from  north 
to  south,  the  rock  is  seen  to  vary  on  its  two  sides.  On  the  north 
side  the  hill  terminates  abruptly  in  a  vertical  face  of  rock  of  a  dull, 
brownish-pink  colour.  The  rock  is  traversed  by  well-marked  joints, 
which,  in  places,  produce  a  rudely  columnar  structure;  on  weathered 
snrfaces  there  is  a  tendency  to  split  into  slabs.  In  the  lower  part 
of  the  rock  some  exquisite  flow-structure  can  be  seen.  This  I  was 
able  to  trace  for  about  20  feet  from  the  base,  although  at  times  it 
was  obscured  by  the  lichens  which  cover  the  rock.  Usually  the 
banding  of  the  flow  runs  parallel  with  the  horizontal  joints  in  the 
rock ;  but  in  certain  places  it  is  much  contorted.  At  one  place  it 
deviated  sharply  from  the  horizontal  line,  and  was  traced  in  an 
almost  vertical  direction  for  20  or  30  feet,  where  it  was  lost  ou 
aoooant  of  the  steepness  of  the  rook. 

On  the  south  side  of  the  hill,  the  rock  is  of  a  dull,  reddish-pink 
colour,  and  is  much  more  decomposed  than  that  on  the  north  side. 
The  felspars  have,  in  many  oases,  been  dissolved  out,  leaving  their 
casts,  which  are  sometimes  partly  filled  with  chalcedony.  This 
character  is,  however,  not  very  constant ;  for  in  certain  places  the 
rock  is  hard  and  compact,  ringing  under  the  hammer  and  breaking 
into  thin  slabs. 

Pbtbogbaphioal  Description. 

The  rocks  from  Middle  Eildon  are  all  of  felsitic  texture.  On 
a  fresh  fracture  a  few  cleavage-faces  of  a  clear  felspar  may  be  seen  ; 
and  by  the  aid  of  a  lens  a  bluish-green  mineral  can  be  recognized 
all  through   the   base  of   the  rock.      In   some  of  the  specimens 
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a  banded  straoture  is  seen ;  this  is  aocentaated  by  the  segregation 
of  iron  oxide  along  the  bands. 

Under  the  microsoope,  the  banded  rock  shows  a  trachytio  structare ; 
it  is  of  a  non-porphyritic  character,  only  a  few  large  sanidines  being 
scattered  through  it  These  show  irregular  outlines ;  are  often 
corroded ;  and  when  examined  between  crossed  nicols,  break  up 
into  a  granular  aggregate.  This  arrangement  of  the  larger  felspar 
crystals  is  characteristic  of  this  laTa-6ow.  The  sanidine  crystals 
also  show  the  irregular  series  of  cracks  at  right  angles  to  their 
direction  of  elongation,  which  is  so  characteristic  of  them  in  all 
lavas.  The  base  of  the  rock  is  made  up  of  felspar  microlites.  a 
bluish-green  mineral,  and  a  colourless  mineral  of  low  refractive 
index  and  double  refraction. 

The  bluish-green  mineral  occurs  in  small  pieces,  often  grouped 
together,  and  moulding  the  felspars  in  the  same  way  as  augite  does 
in  many  of  the  basic  rocks.  Between  crossed  nicols  these  patches 
extinguish  together,  showing  that  they  are  parts  of  the  same  crystal. 
Many  of  the  pieces  show  cleavage-lines  parallel  to  their  sides,  and 
one  or  two  likewise  show  the  hornblende  cleavages.  The  extinction 
angle,  measured  from  the  longitudinal  cleavage-lines,  was  5°. 
When  rotated  over  the  polarizer  this  mineral  showed  intense 
pleochroism.  Owing  to  the  small  size  of  the  pieces  I  was  unable 
to  obtain  a  satisfactory  figure  from  which  to  determine  the  axes  of 
elasticity ;  but  referring  the  colours  to  the  crystallographic  axes,  the 
scheme  of  pleochroism  is  as  follows  : — 

Parallel  to  c  ...         ...         deep  blue. 

„        „     6  deep  blue-green. 

„        „     a  pale  yellow- green. 

All  the  characters  above  cited  point  to  the  conclusion  that  the 
mineral  is  the  soda-amphibole — riebeckite.  But,  as  Rosenbusch  has 
shown,  it  is  the  axis  a,  and  not  c,  which  makes  an  angle  of  5^  with 
the  vertical  axis;  the  scheme  of  pleochroism  thus  becomes  a>h>r. 
This  mineral  forms  fine  ophitic  patches  with  the  felspar,  but  in 
certain  parts  of  the  rock  it  is  replaced  by  a  pseudomorph  of  iron 
oxide,  which  preserves  intact  the  outlines  of  the  original  patch. 

In  one  or  two  places  glomero-porphyritic  patches  of  sanidine  and 
colourless  diopside  were  observed ;  a  few  altered  porphyritic 
augites  and  a  little  altered  SBgirine  were  also  present  in  the  section. 

Scattered  through  the  base  of  the  rock  are  some  brownish  altered 
patches,  which,  when  examined  with  a  quarter-inch  objective,  are 
seen  to  consist  of  felspar  microlites.  and  another  mineral  of  lower 
refractive  index,  which  remains  almost  isotropic  when  rotated 
between  crossed  nicols.  This  mineral  occurs  in  irregular  patches 
which  extinguish  in  definite  areas,  and  mould  the  felspar  microlites. 
In  certain  places  four- sided  and  irregular  six-sided  plates  were 
observed,  the  former  extinguishing  parallel  to  their  edges,  and  the 
latter  giving  a  uniaxial,  partial  interference-figure  in  convergent 
polarized  light.     Nearly  all  the  plates  of  this  mineral  were  slightly 
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altered,  and  Rome  were  in  an  advanced  stage  of  zeolitization.  In 
extremely  thin  sections  the  difference  in  the  polarization-colours  of 
this  mineral  and  the  felspar  microlites  was  much  more  plainly  seen. 
From  these  optical  characters  I  have  concluded  that  the  mineral  is 
iiepheline.  As  a  confirmatory  test,  another  thin  section  was 
prepared,  and  exposed  to  the  vapour  of  strong  hydrochloric  acid  for 
half  an  hour.  It  was  then  washed  with  warm  water,  covered  with 
a  saturated  solution  of  malachite-green,  and  set  aside  for  fifteen 
minutes.  (This  material  was  chosen  in  preference  to  fuchsine, 
hecanse,  according  to  Behrens,  it  does  not  give  accidental  stains — 
a  great  drawback  to  the  use  of  the  latter  substance.)  The  section 
was  now  washed  once  again  with  warm  water,  a  camel's-hair  brush 
being  ased  to  remove  any  superfluous  staining  material.  After  the 
section  was  mounted  in  Canada  balsam  and  covered,  it  was  found 
on  examination  under  the  microscope  that  the  mineral  moulding 
the  felspars  had  been  etched  and  stained  deeply,  while  the  latter 
remained  untouched. 

By  way  of  comparison,  a  thin  section  of  the  phonolite-trachyte 
from  Traprain  Law  was  prepared  and  treated  in  a  similar  way. 
The  staining  showed  the  relations  between  the  nepheline  and  felspar 
in  this  rock  to  be  different  to  those  existing  in  that  from  Eildon ; 
for,  while  in  the  latter,  nepheline  moulded  the  felspars,  in  the 
former  it  seemed  to  be  present  in  more  or  less  idioraorphic  plates. 

In  general  structure  the  two  rocks  are  very  similar,  except  that 
in  the  Traprain  Law  rock  the  ferro-magnesian  mineral  is  aagirine, 
which  is  present  in  a  granular  condition,  while  in  that  from  Eildon 
it  is  riebeckite,  which  is  often  ophitio. 

On  the  south  side  of  the  hill,  the  rock  assumes  a  much  more 
felsitic  character ;  its  fracture  is  conchoidal ;  and  porphyritic  felspars 
are  very  rare.  A  bine  mineral  can  be  seen  scattered  in  patches 
through  the  rock,  which  by  the  aid  of  a  lens  can  be  recognized  as 
riebeckite. 

Under  the  microscope,  the  rook  is  seen  to  consist  of  felspar 
microlites,  and  patches  of  riebeckite  or  pseudomorphs  after  it. 
Ferruginous  alteration-products  are  scattered  thickly  through  it, 
giving  a  pinkish  colour  to  the  section,  and  rendering  the  rock  so 
dense  that  it  requires  great  care  to  obtain  a  section  thin  enough  to 
be  transparent  A  few  granular  aggregates  of  felspar  (sanidine) 
are  present  in  the  slide,  some  of  which  show  zoning,  and  a  rude 
attempt  at  perthite  structure  when  examined  between  crossed  nicols. 
The  riebeckite  exhibits  the  same  characters  as  in  the  previous  rock, 
except  that  its  pleochroism  is  more  intense.  Between  crossed  nicols, 
the  base  of  this  rock  is  seen  to  be  under  strain ;  it  also  breaks  up 
into  patches  which  polarize  in  two  distinct  tints.  One  set  of  patches 
gives  the  extremely  low  colours  of  nepheline,  and  when  examined 
in  ordinary  light  shows  greater  alteration  than  the  other.  Small 
rectangular  sections,  much  altered,  were  also  observed  giving  the 
same  polarization  colours.  From  the  very  close  resemblance  of 
tliese  patches  to  those  in  the  rook  previously  described,  there  seems 
to  be  little  doubt  that  they  are  composed  of  nepheline. 
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Easter  Eildon. 

The  rooks  oomposing  this  hill  are  typical  trachytes.  In  hand- 
specimen  they  show,  on  a  fresh  fracture,  the  cleavage-fiAoee  of  a 
sanidine  felspar,  in  some  cases  slightly  kaolinized :  they  have  the 
general  rough  appearance  and  feel  which  characterize  trachytes. 

Under  the  microscope  the  rock  is  seen  to  consist  of  porphyritic 
sanidines  set  in  a  base  of  felspar  microlites,  among  which  is 
scattered  a  good  deal  of  limonite  evidently  psendomorphoas  after 
riebeckite,  as  it  retains  the  exact  outlines  of  the  original  ophitio 
patch.  The  porphy  ritio  sanidines  are  resolved  into  granular  aggregates 
between  crossed  nicols.  In  some  of  these  there  has  evidently  been 
a  growth  of  the  crystal  after  the  consolidation  of  the  rock»  as  there 
is  evidence  in  some  cases  of  an  attempt  to  assume  a  crystal  form. 
A  notable  feature  of  the  felspars  of  this  rock  is  the  number  of 
sections  which  give  a  biaxial  figure  in  convergent  polarized  light. 
Some  of  the  larger  crystals  have  been  dissolved  away  and  their 
places  filled  up  by  secondary  quartz.  Sections  of  the  rocks  from 
other  parts  of  the  hill  did  not  show  any  very  different  characters; 
a  special  description  is  therefore  unnecessary. 

Between  these  rocks  and  that  from  Ailsa  Craig  described  by 
Mr.  Teall,  there  is  a  great  similarity,  Their  ground-mass  is  almost 
identical  with  that  of  the  Ailna  Craig  rock ;  the  riebeckite  is  in 
ophitic  patches,  and  shows  the  alteration  into  pseudomorphs  of  iron 
oxide  in  both  cases ;  and,  except  for  a  larger  quantity  of  quartz 
in  the  latter  rock,  the  resemblance  is  very  striking.  If  similarity 
of  structure  and  composition  be  of  any  value  in  determining  the 
age  of  a  rock,  perhaps  the  fact  of  the  rocks  just  described  being 
of  Upper  Old  Ked  Sandstone  age  may  help  to  suggest  the  age  of 
the  Ailsa  Craig  rock. 

Black  Hill. 

Banded  Rock. — Macroscopically,  this  rock  shows  two  sets  of  bands. 
One  half  consists  of  alternating  bands  of  brown  and  greyish-pink 
-jiV  of  an  inch  broad,  the  other  of  bands  ^  of  an  inch  in  thickness. 
Porphyritic  sanidines,  somewhat  altered,  occur  here  and  there,  lying 
across  and  breaking  the  bands. 

Microscopically,  the  rock  consists  of  a  finely  felted  mass  of 
sanidine  microlites  with  their  long  axes  lying  parallel  to  the 
banding.  Porphyritic  crystals  are  rare,  and  when  present  occur  in 
granular  aggregates.  They  are  all  more  or  less  altered,  and  show 
the  irregular  cracks  across  the  prism  so  chamcteristic  of  sanidine 
in  the  more  recent  trachytes.  No  ferro-magnesian  mineral  is  present 
in  this  rock;  but  there  is  evidence  of  its  presence  at  an  earlier 
period  of  its  history,  in  the  ferruginous  alteration-products  which 
have  been  shown  to  be  formed  from  riebeckite  in  the  other  rocks. 
These  alteration -products  have  segregated  along  the  flow-lines,  thus 
producing  the  beautiful  banded  appearance. 

The  other  rocks  (unhanded)  are  very  similar  in  microscopic 
structure  to  that  described  above;  there  is  therefore  no  necessity 
for  a  detailed  description. 
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Junction  between  Sandstone  and  Igneous  Boch,  on  the  South  Side 
of  the  Hill,  —  Macrosoopically,  the  ruok  resembles  the  olaystone 
porphy rites  in  appearance.  It  shows  signs  of  minute  spherulitio 
stniotare  near  the  junction  with  the  sandstone.  Tbe  line  of  junction 
is  not  straight  and  sharp,  but  the  igneous  rock  has  sent  small 
offshoots  into  the  sandstone.  It  is  thus  highly  probable  that  the 
sandstone  was  in  a  loose  unconsolidated  state  when  the  lava  was 
poured  over  it. 

Microscopic  examination  of  a  section  shows  the  trachyte  to  be 
a  good  deal  altered.  It  has  evidently  been  originally  a  glassy 
rock  containing  a  few  porphyritic  crystals  of  sanidine  which  are 
now  replaced  by  chalcedony.  Tbe  glass,  which  is  now  largely 
devitrified,  is  crowded  with  altered  spherulites.  The  de vitrified 
base  has  the  appearance  of  the  highly  siliceous  ground-mass  of  the 
felsophyres  of  the  acid  rooks.  It  is  thus  highly  probable  that 
a  good  deal  of  quartz  has  been  fused  and  incorporated  in  the  lava 
along  the  line  of  contact. 

The  sandstone  also  shows  signs  of  fusion  along  the  line  of  contact 
with  the  trachyte.  The  sand-grains  are  cemented  together  by  a 
finely  crystalline  aggregate  of  quartz.  Along  thd  junction-line, 
the  grains  show  much  corroded  outlines,  and  many  of  them  show 
a  ring  of  fused  material  having  very  indefinite  boundaries.  Where 
the  trachyte  has  sent  veins  into  the  sandstone,  lines  of  fusion  are 
seen  which  much  resemble  the  fluxion-structure  of  a  rhyolite. 
Hound  these  veins  the  quartz  has  been  fused ;  it  is  now  in  the 
form  of  chalcedony.  In  the  sandstone  itself,  mica  is  seen  to  be 
developing;  and  there  is  a  good  deal  of  felspar,  mostly  unaltered 
plagioclase  showing  lamellar  twinning. 

Another  specimen  of  sandstone,  taken  one  foot  below  the  junction- 
lincy  had  lost  all  traces  of  bedding,  and  broke  with  an  irregular 
fracture.  Scales  of  a  silvery  mica  were  seen  lying  in  all  directions 
and  at  all  angles  to  the  bedding-planes,  thus  proving  that  they  have 
been  developed  subsequent  to  the  deposition  of  the  sandstone. 

Under  the  microscope,  the  mica  proved  to  be  musoovite.  Fresh 
plagioclase  has  also  been  developed ;  and  the  cementing  material 
between  the  sand-grains  has  been  made  to  assume  a  finely  granular 
form. 

The  presence  of  fresh  plagioclase  in  a  sandstone  is  not  an  every- 
day occurrence,  and  it  is  necessary  to  find  an  explanation  to  account 
for  it  Sandstone,  being  a  porous  rock,  is  not  likely  to  contain  the 
alkalies  necessary  for  the  formation  of  plagioclase  felspar,  because 
of  their  solubility  in  water.  They  must,  therefore,  have  been 
derived  from  another  source,  that  being  the  overlying  igneous  rock. 
It  was  noticed  that  no  ferro-magnesian  mineral  was  observed  in  the 
overlying  rock ;  but  there  was  a  good  deal  of  iron  oxide  scattered 
through  it,  which  was  shown  to  be  derived  from  the  alteration  of 
riebeokite  in  the  Eildon  rock.  This  mineral,  being  a  soda-amphibole, 
might,  by  its  decomposition,  supply  the  alkali  necessary  for  building 
up  a  felspar  such  as  albite;  and  I  am  inclined  to  regard  this  as 
the  tme  explanation  of  the  presence  of  fresh  plagioclase  in  the 
saodstone. 
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I  have  only  to  add  that  this  work  has  been  done  in  the  G^logioal 
Beuearch  Laboratory  of  the  Royal  College  of  Scienoe ;  and  to  express 
my  thanks  to  Professor  Judd  for  the  assistanoe  and  many  valuable 
suggestions  that  he  has  given  me. 


I^  E  V  I  E  ^W"  S. 


I. — Catalogue  of  the  Jurassio  Bbtozoa  in  the  British  Museum 
(Natural  History).  By  J.  W.  Gregory,  D.So.,  F.G.S.,  F.Z.S. 
(1  vol.,  8vo;  pp.  240,  11  Plates.)  London:  1896.  Printed  by 
order  of  the  Trustees.  Dulau  &  Co.,  37,  Soho  Square,  W. 
Price  10». 

rpHIS  volume  is  the  first  of  a  series,  which,  when  completed,  will 
I       form  a  Catalogue  of  the  fossil  Bryozoa  in  the  British  Museum. 

Dr.  Gregory  explains  that  he  has  begun  with  the  description  of 
the  Jurassic  Bryozoa,  because  "it  is  among  the  Jurassic  deposits  that 
we  must  seek  the  ancestors  of  existing  types,"  and  because  the 
primary  lines  of  divergence  are  here  well  marked,  and  not  obscured 
by  secondary  variations  of  later  periods.  Further,  it  was  necessary  to 
work  out  the  Jurassic  fauna  before  attempting  the  Cretaceous,  which, 
of  all  British  Bryozoan  faunas,  is  most  in  need  of  further  investigation. 
Of  the  seventy-nine  species  here  described,  sixty-nine  are  inoluded 
in  the  Cyclostomata,  eight  in  the  Trepostomata,  and  two  in  the 
Cheilostomata.  The  Cryptostomata,  which  occur  so  abundantly  ia 
PalsBozoic  times,  and^which  are  usually  assumed  '*  to  take  the  place 
of*  the  Cheilostomata,  have  not  been  found  in  the  Jurassio  strata. 
The  Trepo8tomata,  which  likewise  prevailed  in  the  PalsBOzoic  strata, 
form  a  dwindling  remnant  in  the  Jurassic.  The  Cheilostomata,  which 
preponderate  in  later  times,  have  not  yet  risen  into  importance. 

The  classification  of  the  orders  is  based  on  zooeciaP  characters. 
The  Trepostomata  are  characterized  by  the  change  in  the  nature  of 
the  distal  as  compared  with  the  proximal  parts  of  the  zooeoial  tubes,  by 
the  presence  of  mesopores,  diaphragms,  acanthopores,  etc.  The  order 
Cyclostomata,  which  includes  87  per  cent  of  the  species  here  catalogued, 
is  separated  from  the  others  rather  by  its  negative  characters.  Dr. 
Gregory  divides  this  order  into  four  suborders :  1.  Articulata  (including 
Crisiidse) ;  2,  Tubulata ;  3,  Dactylethrata ;  4,  Cancellata  (including 
Discoporellidae).  The  first  and  fourth  do  not  occur  in  the  Jurassic 
deposits.  Accordingly,  the  Jurassic  Cyclostomata  fall  into  two 
groups — the  Tubulata  (including  65  species),  in  which  the  zooBcia 
are  nionomorphic ;  and  the  Dactylethrata  (including  4  species),  in 
wliich  aborted  closed  zooocia  or  **  dactylethrsB  "  are  present  in  addition 
to  the  normal  open  ones. 

It  has  always  been  a  difficult  matter  to  satisfactorily  classify  the 
forms  (recent  as  well  as  fossil)  included  in  the  Tubulata.  The 
zooeoial  characters  are  of  no  use  in  the  splitting  up  of  this  suborder 

^  Zoceeium,  the  individual  tabe  or  cell  containing  in  life  the  polypide  ;  zoariuntf  the 
colony  of  tubes  or  cells. 
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into  families  and  genera,  or  in  founding  wholly  artificial  groups. 
Consequently  the  systematist  is  compelled  to  trust  to  zoarial 
characters.  When  he  finds  that  a  change  in  environment  appears  to 
bring  about  a  change  in  zoarial  habit  in  a  species,  and  that  types  of 
zoarial  growth  characteristic  of  dififerent  ** genera'*  may  occur  in  the 
same  specimen,  and  further,  that  transitional  forms  link  together  the 
types  of  zoarial  growth  assumed  to  be  of  generic  or  family  importance, 
then  it  is  that  he  feels  the  need  of  caution  in  applying  such  terms  an 
family  and  genus  to  groups  of  forms  classified  according  to  zoarial 
characters.  As  a  philosophical  naturalist,  Dr.  Gregory  is  inclined  to 
group  at  least  the  first  section  of  the  Tubulata  under  one  genus. 
As  a  working  palaeontologist,  he  retains  the  well-known  generic 
names,  but  with  the  understanding  that  such  names  are  merely 
labels  attached  to  certain  groups,  the  members  of  which  resemble 
each  other  more  than  the  members  of  neighbouring  groups.  In 
place  of  the  word  "genus"  Dr.  Gregory  suggests  "circulus,"  a 
term  applied  to  the  groups  of  listeners  which  congregated  round 
orators  in  the  Forum. 

Minor  characters  of  the  zooecial  tubes  are  made  use  of  to  dis- 
tinguish species.  Dr.  Gregory  has  framed  a  very  useful  "  variational 
formula,"  whereby  "  the  range  of  variation  within  the  limits  of  a 
certain  specific  group  may  be  conveniently  shown."  The  elements 
taken  into  account  are  the  peristome  or  distal  end  of  the  zooecia, 
the  shape,  the  length,  and  the  amount  of  aggregation  of  the  zooecia, 
four  degrees  (0,  1,  2,  3)  of  variation  being  calculated.  By  means 
of  this  formula,  it  is  easy  to  accurately  tabulate  and  compare  the 
slight  variations  that  may  occur,  let  us  suppose  by  way  of  example, 
in  specimens  of  the  same  species  occurring  in  consecutive  strata 
or  epochs. 

We  regret  to  have  to  point  out  that  a  short  corrigenda  list  is 
necessary.  The  text  is  liberally  illustrated  by  numerous  woodcuts, 
and  by  eleven  plates,  the  artistic  finish  of  which  is  excellent. 

Laborious  research,  scientific  method,  and  artistic  skill  have  con- 
tributed to  form  a  volume  which  maintains  the  honourable  traditions 
of  the  British  Museum ;  and  it  is  to  be  hoped  that  Dr.  Gregory  will 
complete  the  work  he  has  so  well  begun. 

II. BOLLKTTINO      DELLA      SoOIBTA      SlSMOLOGIOA,      Vol.      I,       1895. 

pp.  168  +  230. 

DE  ROSSI'S  valuable  BuUetttno  del  Vulcantsmo  Itnliano  was  begun 
in  1874,  and  ceased  to  exist  in  1889  or  1890  after  a  few  parts 
of  the  seventeenth  volume  had  been  published.  Its  place  is  now 
worthily  supplied  by  the  Bollettino  of  the  Italian  Seismological 
Society,  founded  under  the  direction  of  Prof.  Tacchini  in  the  spring 
of  last  year.  Though  nominally  a  society,  it  does  not  appear  that 
any  meetings  have  been  held ;  indeed,  the  members  are  so  widely 
scattered,  so  few  are  collected  in  any  one  place,  even  in  Rome,  that 
regular  meetings  would  be  hardly  possible,  and  the  exertions  of  the 
members  are  wisely  confined  to  the  publication  of  their  journal. 
The  first  part  of  the  volume  contains  27  short  papers.     The  second 
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and  larger  part  is  oontribated  by  the  Central  Meteorologioal  and 
Geodynamio  Office  at  Borne,  and  oonatsU  of  notioea  of  the  earth- 
quakes observed  in  Italy  during  1895.  It  is  not,  however,  of  merely 
local  interest,  for  many  of  the  records  are  those  of  distant  ahocks, 
and  supply  valuable  time-determinations  for  measuring  the  velocity 
with  which  the.  pulsations  traveL 

That  the  invention  of  new  instruments  continues  to  occupy  Italian 
seismologists,  is  shown  by  the  insertion  of  no  fewer  than  eight 
papers.  The  Guzzanti  roicroseismograph  is  described  by  its  inventor, 
and  the  Cecchi  niicroseismograph,  which  has  been  in  use  for  some 
time,  by  G.  Giovannozzi.  Prof.  G.  Mugna  describes  an  electrically- 
recording  seismoscope ;  Dr.  A.  Cancani,  a  new  type  of  seismic  photo- 
chronograph;  and  Pruf.  G.  Grablovitz  shows  bow  the  horizontal 
pendulum  may  be  adapted  for  recording  the  time  of  occurrence  of  a 
shock.  Accounts  are  also  contributed  by  their  respective  inventors 
of  Yicentini's  microseismograph,  Agamennone's  sei8mometrogi*aph, 
and  Grablovitz'  geodynamic  level,  instruments  which  have  already 
added  to  our  knowledge  of  earthquake-pulsations. 

Several  interesting  earthquake-studies  are  supplied  by  the  staff 
of  the  Meteorological  and  Geodynamic  Office.  The  well-known 
Director,  Prof.  P.  Taochini,  describes  the  Roman  earthquake  of 
Nov.  1,  1895 ;  while  his  assistant.  Dr.  M.  Baratta,  deals  with  the 
Lecco  earthquake  of  March  5,  1894,  the  Viggianello  earthquake  of 
May  28,  1894,  the  Laibach  earthquake  of  April  14,  1895  (so  far  as  it 
was  felt  in  Italy),  the  Florentine  earthquake  of  May  18,  1895,  the 
Adriatic  earthquake  of  Aug.  9, 1895,  and  with  the  Florentine  seismic 
district  generally.  Dr.  G.  Aganiennone,  the  Director  of  the  Con- 
stantinople Geodynamic  Office,  discusses  the  earthquake  of  Pai*a- 
mythia  (Epirus)  of  May  13-14,  1895 ;  and  Prof.  F.  Omori  deter- 
mines the  surface-velocity  of  several  recent  Japanese  earthquakes. 

The  Italian  volcanoes  receive  their  due  share  of  attention.  Prof. 
G.  Mercalli  communicates  Vesuvian  notes  from  January,  1892,  to 
June,  1895  ;  and  Prof.  A.  Eicco,  notes  on  the  state  of  Etna  from  the 
eruption  in  1892  to  the  end  of  1894.  A  summary  of  the  principal 
eruptive  phenomena  in  Sicily  and  the  adjacent  islands  is  added  by 
S.  Arcidiacono,  and  some  observations  made  on  Vesuvius  on  June  21, 
1895,  by  Dr.  M.  Baratta.  C.  Davison. 

III. — MiooKNB  AND  Pliookne  Mammals  IN  EussiA.  Nouveaux 
Mammifdres  tertiaires  trouves  en  Kussie.  By  Mabik  Pavlow. 
Bull.  Soc.  Imp.  Nat  Moscou,  1896,  No.  2,  pp.  1-12  (reprint), 
with  one  plate. 

MADAME  PAVLOW'S  latest  contribution  to  our  knowledge  of 
the  extinct  Mammalia  of  Bussia  is  an  interesting  description 
of  some  fragmentary  remains  referable  to  an  earlier  date  than  the 
Pleistocene.  Anchiiherium  aurelianense  is  recorded  for  the  first  time 
from  Russia,  on  the  evidence  of  the  distal  end  of  a  metacarpal  iii 
from  the  neighbourhood  of  Nikolaew.  Rhinoceros  Schleiermacheri  is 
represented  by  two  molars,  Capreolun  cnsanus  by  two  imperfect 
antlers  and  one  lower  molar,  and  a  Cervua  (much  like  C  2*errieri) 


JR^poris  and  Proceedings — Geological  Society  of  London.     381 

by  a  metacarpal,  all  from  the  sanily  beds  of  Balta,  in  the  Government 
of  Podolsk.  A  lo>¥er  jaw  from  Balta,  believed  to  belong  to  Mastodon 
turieenns,  is  also  described  from  a  photograph,  the  original  specimen 
having  apparently  been  lost.  According  to  Madame  Pavlow's  list  of 
the  mammals,  the  "  sables  de  Balta  "  are  characterized  by  a  curious 
fauna.  In  addition  to  the  species  mentioned  above,  there  are  already 
identified  Dinotherium  giganteum,  Htpparion  gracilis,  Rhinoceros 
megarhinus.  Mastodon  ohioticus,  Mastodon  arvemensis,  and  Mastodon 
Boraoni. 


:rjsifo:ri:&  -a-Istid  zE^i^ooEJEiDiiTOS. 


Gboloqioal  Sooiktt  of  London. 
June  24,  1896.— Dr.  Henry  Hicks,  F.R.S.,  President,  in  the  Chair. 


Death  of  Si&  Joseph  Phbstwioh,  D.C.L.,  F.R.S.,  F.C.S., 

F.G.S. 

The  President  said :  It  is  with  deep  regret  that  I  have 
to  announce  to  you  the  death  of  our  dear  and  much-beloved 
friend.  Sir  Joseph  Prestwich.  He  was  elected  into  the 
Society  in  the  year  1833.  and  we  had  come  to  look  upon 
him  as  the  father  of  our  Society.  He  served  it  as  Treasurer 
and  President  and  was  one  of  its  Wollaston  Medallists,  and 
we  feel  that  by  his  death  our  Society  loses  one  of  its  truest 
friends.  He  always  gave  us  of  his  best,  and  delighted  to 
communicate  his  knowledge  to  his  fellow-workers.  He  was 
in  every  respect  a  typical  representative  of  our  Society  and 
its  objects,  for  he  passionately  loved  the  science,  fearlessly 
maintained  what  he  believed  to  be  the  truth,  and  had  that 
open  mind  and  craving  for  knowledge  which  have  ever 
characterized  the  best  and  noblest  of  its  members.  This  is 
not  the  time  to  refer  specially  to  his  labours;  but  we  may 
feel  assured  that  such  sterling  work  as  he  accomplished  will 
ever  hold  an  honoured  place  in  the  annals  of  British  Geology. 
The  Council,  at  their  sitting  this  afternoon,  passed  the 
following  resolutions,  which  I  feel  no  doubt  all  the  Fellows 
present  will  cordially  endorse : — 

(1)  That  the  President,  Council,  and  Fellows  of  the 
Geological  Society  of  London  desire  to  convey  to  Lady 
Prestwich  the  assurance  of  their  heartfelt  sympathy  with 
her  in  the  sad  and  irreparable  loss  that  she  has  sustained, 
and  at  the  same  time  to  place  on  record  their  high 
appreciation  of  the  lifelong  geological  work  achieved 
by  Sir  Joseph  Prestwich,  who  for  sixty-three  years  was 
a  member  of  their  body  alike  respected  and  beloved. 

(2)  That  this  Resolution  be  placed  upon  the  Minutes, 
and  a  copy  of  it  be  communicated  to  Lady  Prestwich. 

The  above  Hesolutions  were  then  passed  unanimously. 
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Sir  William  Dawson,  C.M.G.,  F.R.S .  exhibited  specimens  and 
lintern-slides  illustrating  the  general  form,  arrangement  of  laminaB, 
and  distribution  of  the  canals  and  tubuli  in  characteristio  specimens 
of  Eozoon  canaden$€.  He  pointed  out  that  an  examination  of  these 
specimens  and  photographs  might  prevent  mistakes  likely  to 
arise  from  the  study  of  imperfect  specimens  or  from  supposing 
that  laminated  rocks  resembled  Eozoon,  and  also  that  they  exhibited 
additional  peculiarities  observed  since  the  original  publication  of 
the  deftcription  of  Eozoon  in  the  Quarterly  Journal  of  the  Society 
in  1865.  He  did  not  wish  to  enter  upon  any  argument  as  to 
the  nature  of  Eozoon,  but  merely  to  show  the  appearance  of  the 
principal  structures  on  which  the  conclusion  that  it  was  of  animal 
origin  had  been  based.  He  altto  pointed  out  that  these  structures 
might  be  misunderstood  when  studied  in  imperfectly-preserved 
specimens,  and  that  the  wonder  was  not  that  so  many  specimens 
were  imperfect,  but  that  any  structure  had  been  preserved.  He 
also  shortly  noticed  the  growing  probabilities  in  favour  of  the 
existence  of  a  rich  marine  fauna  in  pre-Cambrian  times,  and  some 
of  the  discoveries  in  this  direction  already  made  or  in  progress. 

The  following  communications  were  read  : — 

1.  "Notes  on  the  Glacial  Geology  of  Arctic  Europe  and  its 
Islands.  Part  II :  Arctic  Norway,  Russian  Lapland,  Novaya 
Zemlya,  and  Spitzbergen."  By  Colonel  H.  W.  Feilden,  F.G.S. 
With  an  Appendix  by  Professor  T.  G.  Bonney,  D.Sc.,  LL.D., 
F.R.S.,  V.P.G.S. 

The  author  gives  an  account  of  observations  made  in  Arctic  Norway 
which  tends  to  prove  that  the  shell-bearing  terraces  are  true  marine 
deposits  indicating  uplift  since  their  formation,  and  that  they  were 
not  formed  by  ice-dams.  He  then  describes  ten-aces  recently  formed 
in  Kolguev  Island,  which  illustrate  the  combined  influence  of  pack- 
ice,  sea-waves,  and  snow  on  the  formation  of  teiTaces  in  a  rising  area. 
The  glacial  geology  of  the  Kola  Peninsula  is  next  considered,  and 
the  distribution  of  the  boulders  noticed.  There  is  no  doubt  that 
these  boulders  have  been  derived  from  local  rooks,  and  that  no  ice- 
sheet  from  the  North  ever  passed  through  Barents  Sea  or  impinged 
on  the  northern  coast  of  Europe. 

The  author  saw  no  evidence  of  the  former  extension  of  an  ice- 
sheet  over  the  now  frost-riven  rocks  of  Novaya  Zemlya.  He  found 
widespread  deposits  of  boulder-clay  with  marine  shells  in  this 
region,  which  he  attributes  to  the  action  of  floating  ice.  In  the 
Kostin  Schar  many  of  the  islands  are  connected  by  ridges  covered 
with  rounded  stones  pushed  up  by  floe-ice,  with  solid  rock  beneath 
glaciated  by  the  floe-ice.  Several  minor  phenomena  connected  with 
the  glacial  geology  of  Novaya  Zemlya  are  also  described.  The 
raised  beaches  of  Franz  Josef  Land  are  noticed,  and  immense  deposits 
occurring  in  Spitzbergen,  which  were  originally  formed  under  water 
in  front  of  glaciers,  alluded  to.  These,  as  well  as  other  submarine 
deposits  of  glacio-marine  origin  seen  elsewhere  by  the  author,  show 
no  signs  of  stratification. 


Correspondence — Prof,  T.  G.  Bonne ij,  ''\><''\ 

Prof.  Bonney  described  specimens  brought  by  Col.  Feilden  from 
Norway,  the  Kola  Peninsula,  and  Novaya  Zemlya.  From  an 
examination  of  the  rocks  obtained  in  sitik  in  the  last-mentioned 
region.  Prof.  Bonney  confirms  Col.  Feilden's  suggestion  that  the 
Eolguev  erratics  may  have  come  from  Novaya  Zemlya. 

2.  **  Extrnsive  and  Intrusive  Igneous  Hooks  as  Products  of 
Magmatio  Differentiation."     By  Prof.  J.  P.  Iddings,  For.  Corr.  G.S. 

The  author,  after  pointing  out  the  propositions  concerning  differen- 
tiation of  magmas  upon  which  he  is  in  agreement  with  Prof.  Brogger, 
discusses  the  points  of  difference,  and  describes  the  relation  of  the 
igneous  rocks  at  Electno  Peak  to  all  of  those  which  took  part  in  the 
great  series  of  eruptions  whioh  occupied  almost  the  whole  Tertiary 
period,  and  spread  themselves  over  a  vast  territory  in  Montana, 
Wyoming,  and  Idaho.  In  Tertiary  times  the  eruptions  were  at  first 
largely  explosive,  and  the  accumulation  of  tuff-breccia  formed  a  chain 
of  lofty  volcanoes,  comparable  with  the  Andes  in  size  as  well  as  in 
the  nature  of  their  material  (andesite  and  andesitic  basalt).  After 
considerable  erosion  of  these  volcanoes,  gigantic  fissure  eruptions 
flooded  the  region  west  of  the  denuded  volcanoes.  The  massive 
lava-streams  whioh  welled  from  these  fissures  consisted  at  first  of 
rhyolite  with  an  average  silica-percentage  of  about  74,  alternating 
occasionally  with  basalt;  but  the  great  bulk  of  the  betsalt  was 
poured  out  immediately  after  the  rhyolite  from  fissures  still  farther 
to  the  west  and  south-west.  In  the  case  of  these  extrusive  rocks, 
whose  volumes  are  of  such  magnitude,  the  evidence  drawn  from 
the  succession  of  their  eruptions  and  from  their  composition  is  of 
a  higher  order  than  that  derived  from  the  smaller  and  more  localized 
eruptions;  and  it  is  upon  evidence  of  this  order  that  the  author 
ventured  to  enunciate  the  principle  that  in  a  region  of  eruptive 
activity  the  succession  of  eruptions  in  general  commences  with 
magmas  representing  a  mean  composition  and  ends  with  those  of 
extreme  composition. 


MR.  DUGALD  BELL  AND  THE  PARALLEL  ROADS  OF  GLEXROY. 

Sir, — Did  time  allow,  it  would  be  easy  to  show  that  Mr.  Dugald 
Bell's  criticism  of  my  remarks  on  the  Parallel  Roads  of  Glenroy 
(page  319)  is  a  typical  instance  of  forensic  advocacy.  But  I  am 
leaving  England  for  the  Alps,  so  that  Lochaber  must  rest  in  peace. 
Whether  on  my  return  it  will  be  worth  while  spending  time  in 
travelling  over  well-worn  paths,  is  a  doubtful  matter.  Nothing  can 
be  settled  about  Glenroy  till  some  fresh  evidence  turns  up.  Mean- 
while Mr.  Dugald  Bell  may  rest  assured  that  I  am  not  frightened  at 
being  in  a  minority.  I  have  lived  and  been  a  geologist  long  enough 
to  have  watched  the  apparition  and  the  fading  away  of  many 
Brocken-spectres,  not  in  our  science  only.  rp  q^  Bonney. 

Julg  Zrd,  1896. 
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FOSSILS  IX  THE   OLENELLUS  SANDSTONE  OF  NUNEATON. 

Sib, — ^The  pablication  of  the  May  namber  of  the  Quarterly 
Journal  of  the  Geological  Society  has  reminded  me  of  a  correction 
which  I  ought  to  have  made  before,  and  for  which  I  am  alone 
responsible.  On  page  vi,  in  (he  first  paragraph,  in  speaking  of 
fossils  collected  by  Professor  Lapworth  from  the  Olenellus  Sand- 
stone of  Nuneaton,  I  give  a  list  of  determinations  which  were 
merely  approximate,  without  any  warning  to  that  effect  I  have 
since  learned  that  these  determinations  were  not  intended  to  be  final, 
and  therefore  I  ought  to  have  inserted  the  letters  ef.  before  the 
six  specific  titles  given  in  that  paragraph.  W.  W.  Watts. 

CORNDON,  WORCBSTER  BoAD,  SuTTON,  SUB&BT. 

June  lOih,  1896. 


ii^isoEXiii-A.i5rEO"crs. 

BiCBNT    Additions    to    the    Gkolooigal    Department    of    the 
British  Museum  (Natural  History),  Cromwell  Hoad. 

1.  There  has  just  been  added  to  this  gallery  a  very  fine  collection 
of  flint  implements,  also  numerous  flint  flakes,  showing  various 
stages  and  processes  in  their  manufacture,  and  found  associated 
with  remains  of  Rhinoceros  aniiquitatis  at  Crayford,  in  Kent.  Pre- 
sented by  F.  C.  J.  Spurrell,  Esq.,  F.G.S. 

2.  A  collection  of  fossils  from  Devon  and  Cornwall,  part  of  the 
museum  of  the  late  William  Pengelly,  Esq.,  F.R.S.,  comprising 
mammalian  remains  from  Happaway  Cave  and  Devonian  Corals, 
Brachiopods,  Trilobites,  Cephalopods,  eta  Presented  by  Mrs. 
Pengelly,  of  Lamorna,  Torquay. 

3.  Remains  of  some  remarkable  extinct  birds  from  the  older 
Tertiary  deposits  of  Santa  Cruz,  Patagonia.  Many  of  these  are  of 
gigantic  size:  the  lower  jaw  of  one  of  the  largest  {Phororhacos 
longinimus)  measured  about  twenty  inches  in  length  ;  the  whole 
skull  must  have  been  fully  two  feet  in  length.  The  complete 
skull  and  mandible  of  a  somewhat  smaller  form  {Phororhacos  in- 
flalns)  show  the  remarkable  characters  of  the  beak,  which  is  hooked 
like  that  of  a  bird  of  prey,  but  at  the  same  time  is  very  deep  and 
compressed.     Acquired  from  Prof.  Ameghino,  of  La  Plata. 

4.  Some  extremely  well-preserved  parts  of  skeletons  of  Plesio- 
saurs  from  the  Oxford  Clay  of  Peterborough  have  been  mounted  in 
one  of  the  wall-cases.     Part  of  the  Leeds  Collection. 

5.  Some  remarkable  reptiles,  Cynognathus  and  Gomphognathu$, 
from  the  Trias  of  South  Africa,  in  which  the  teeth  and  skull 
had  a  superficial  resemblance  to  those  of  carnivorous  mammals. 
Presented  by  Professor  H.  G.  Seeley,  F.R.S.,  F.G.S. 

6.  A  very  rich  collection  of  mammalian  and  reptilian  remains 
from  the  Miocene  Tertiary  deposits  of  the  "Bad-lands"  of  Dakota, 
North  America,  comprising  many  genera,  such  as  Titanotherium, 
MesohippuSf  Oreodonj  Po^brotherinm,  HoplophonetiSf  eta  Acquired 
from  Prof.  W.  B.  Scott,  F.G.S.,  of  Princeton,  New  Jersey,  U.S.A. 
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L — Turn  Palsomtogbaphioal  Sooibty  of  London. 

(PLATE  XIII.) 

AMONGST  the  various  interesting  scientific  events  which  this 
year  has  witnessed,  none  has  probably  been  more  heartily 
welcomed  or  more  cordially  honoured  than  the  Jubilee  of  the 
PalsBODtographioal  Society,  which  was  celebrated  on  the  19th  June 
last 

The  annual  general  meeting  was  held  on  that  day,  under  the 
chairmanship  of  Dr.  Henry  Woodward,  F.R.S.,  F.G.S.  (the  President- 
elect), at  the  rooms  of  the  Geological  Society,  Burlington  House ; 
and  the  Council  availed  fhemselves  of  the  occasion  to  give  a  brief 
account  of  the  early  history  and  subsequent  progress  of  the  Society. 

llie  origin  was  mainly  due  to  the  prior  issue  of  Sowerby's 
"Mineral  Conchology,"  of  which  the  first  part  appeared  in  June, 
1812,  and  was  followed  by  other  parts  for  over  thirty  years.  The 
portions  of  this  work  were  brought  out  slowly  and  irregularly,  and 
rarely  illustrated  more  than  ten  species  at  one  time.  During  the 
pablioation  of  this  contribution  to  geological  science,  an  association 
was  formed  (about  the  year  1886)  called  ''The  London  Clay 
Club,"  the  members  of  which  were  enthusiastic  collectors  of  the 
shells  of  the  Tertiary  deposits  in  the  neighbourhood  of  the  Metro- 
polis. At  one  of  the  meetings  of  the  club  about  the  year  1845, 
the  late  Dr.  (then  Mr.)  J.  S.  Bowerbank  suggested  that  as  the 
*'  Mineral  Conchology,"  at  its  then  rate  of  issue,  could  not  possibly 
depict  all  the  British  fossils  within  a  moderate  period,  it  would  be 
well  to  have  recourse  to  a  new  method.  A  proposition  was  imme- 
diately offered  that  subscriptions  should  be  solicited  for  a  larger  and 
more  complete  publication.  The  idea  was  favourably  received ;  Mr. 
Sowerby  was  asked  to  undertake  the  copper-plate  engraving,  and 
many  geologists  living  in  different  parts  of  the  country  were  com- 
municated with.  In  the  furtherance  of  this  project,  Mr.  Bowerbank 
laboured  with  much  zeal  and  energy.  At  the  time  it  was  considered 
that  in  five  and  twenty  years  all  tlie  British  fossils  would  be  figured. 

On   March  23,  1847,  a  meeting  was  held  at  the  apartments  of 
the  Geological  Society,  Somerset  House,  with  Sir  Henry  De  la  Beche 
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in  the  chair,  when  it  was  resolved  that  a  Society  be  oonstitated,  the 
object  of  which  should  be  "  to  figure  and  desoribe  as  oompletely 
as  possible  a  stratigraphical  series  of  British  fossils.'*    The  meeting 
further  determined   that   the  annual    subsoription  sboald   be  one 
guinea,  that  the  word  Palseontographical  should  be  the  name,  and 
that  the  Society  should  consist  of  a  President,  Treasurer,  Secretary, 
and  Council  of  sixteen  members.     On  that  day  Sir  Henry  De  la 
Beche  was  elected  President^  Mr.  S.  Y.  Wood,  Treasurer,  and  Mr. 
(afterwards  Professor)  J.  Morris,  Secretary.     The  members  of  the 
first  Council  were  Professor  T.  Bell,    Mr.  J.  S.  Bowerbank,   Mr. 
F.  E.  Edwards,  Sir  P.  Egerton.  Dr.  H.  Falconer,  Dr.  W.  H.  Fitton, 
Mr.  J.  W.  Flower,  Prof.  E.  Forbes,  Mr.  S.  B.  Ibbetson,  Mr.  (after- 
wards  Sir)  C.  Lyell,   Prof.   J.   Phillips,   Mr.   (afterwards  Sir)  J. 
Prestwich,  Mr.  D.  Sharpe,  Mr.  J.  Smith,  Mr.  N.  T.  Wetberell,  and 
Mr.  A.  White.     Of  these  one  alone  survives.  Prof.  Sir  J.  Prestwicb.* 
In  the  May  of  the  same  year.  Prof.  Morris  sent  in  his  resignation, 
and  Mr.  Bowerbank  was  appointed  his  successor. 

The  first  Annual  Report  was  read  on  the  23rd  March,  1848,  when 
it  was  stated  that  640  names  had  been  forwarded  for  membership, 
that  363  subscriptions  had  been  received,  and  that  the  first  volume, 
*•  The  Univalves  of  the  Crag,"  by  Mr.  S.  V.  Wood,  was  ready  for 
delivery.  This  book  contains  the  earliest  list  of  members,  and 
shows  that  568  persons  and  thirty  libraries  were  entered  on  the 
list  at  that  date. 

On  August  14,  1848,  a  report  was  presented  to  a  special 
meeting  at  Swansea  (where  the  British  A&sociation  was  assembled), 
in  which  it  was  mentioned  that  offers  of  monographs  had  been  made 
on  the  Conchifera  and  Foraminifera  of  the  Crag,  the  Shells  of  the 
London  Clay,  the  fossil  Reptilia  of  Great  Britain,  the  Crustacea  of 
the  London  Clay,  the  Corals  of  the  Secondary  formations,  the  Shells 
of  the  Fresh-water  formation  above  the  Crag,  the  Tertiary  Shells  of 
the  Clyde,  the  SpongiadsB  of  the  Chalk  formation,  the  Fossils  of  the 
Magnesian  Limestone,  the  Belemnites  of  the  British  formations, 
the  Fossil  Testacea  of  the  Great  Oolite,  and  the  Entomostraoous 
animals  of  the  Chalk,  Gault,  and  Greensand. 

In  the  second  Annual  Report,  read  23rd  March,  1849,  there  is 
evidence  that  the  Society  had  become  established.  The  local 
secretaries  are  spoken  of  as  being  forty  in  number,  and  the  enrolled 
members  as  many  as  732.  It  is  added  that  615  persons  had  paid  for 
the  first  volume,  and  that  the  receipts  for  the  years  1848-9  were 
(irrespective  of  the  balance  from  the  previous  year)  £690  19s.  Each 
succeeding  year  realized  larger  funds,  until  the  maximum  was 
reached  in  1867,  when  over  800  subscribers  had  joined  the  Society. 
It  is  remarkable  how  many  persons  must  have  been  enrolled  as 
subscribers  during  the  past  forty-nine  years,  seeing  that  the  whole 
of  the  original  members  have,  with  eight  exceptions,  passed  away. 
Four  of  these  are  still  subscribers.  At  present  the  subscriptions 
from  Libraries  exceed  those  from  private  individuals  in  the  proportion 

*  Sir  Joseph  Prestwich  died  at  his  resideuce,  Dnrent  Holme,  Sborcham,  Kent, 
a  few  days  after  the  anniversarj',  namely,  on  23rd  June,  1896. 
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of  about  8  to  7.  This  change,  so  different  to  what  had  been  the 
case  in  the  beginning,  is  mainly  due  to  the  fact  that  of  late  years 
strong  efforts  have  been  made  to  secure  the  accession  of  the  Free 
Libraries. 

Of  the  officers  of  the  Society  the  Presidents  have  been  five :  Sir 
Henry  De  la  Beche,  from  1847  to  1855 ;  Mr.  W.  J.  Hamilton,  from 
1856  to  1867 ;  Dr.  Bowerbank,  from  1865  to  1876 ;  Sir  R.  Owen, 
from  1877  to  1892 ;  and  Professor  Huxley,  from  1893  to  1895.  The 
Treasurers  have  been  two  :  Mr.  S.  V.  Wood,  from  1847  to  1884,  and 
Mr.  R.  Etheridge,  from  1885  to  the  present  time.  The  Secretaries 
have  been  three :  Professor  Morris,  for  two  months  in  1847,  Dr. 
Bowerbank,  from  1847  to  1862,  and  the  Be  v.  Professor  Wiltshire, 
from  1863  to  the  present  time. 

The  publications  of  the  Society  have  covered  a  large  area  of 
information,  comprehending  the  fossil  Plantse,  etc.,  fossils  from  the 
Bubkingdoms  Protozoa,  Porifera,  Coelenterata,  Eohinodermata, 
Annnlosa,  MoUusoa,  and  Vertebrata. 

Monographs  have  been  completed  on  the  Morphology  of  Sttgmarta 
fieoideB,  the  Ferns  and  Gymnosperms  of  the  Eocene  beds,  the 
Foraminifera  of  the  Carboniferous  and  Permian  deposits,  the  Stroma- 
toporoids,  the  fossil  Corals,  the  Polyzoa  of  the  Crag,  the  fossil 
Cirripedia,  the  Post-Tertiary,  Tertiary,  and  Cretaceous  Entomostraca, 
the  fossil  Estheriaa,  the  Tiilobites,  the  fossil  Merostomata,  the  fossil 
Brachiopoda,  the  Mollusca  of  the  Crag,  Eocene,  and  Great  Oolite, 
the  fossil  TrigonisB,  the  Cretaceous  and  Oolitic  Eohinodermata,  the 
Lias  Ammonites,  the  Permian  fossils,  the  Tertiary,  Cretaceous, 
Wealden,  Purbeck,  Eimmeridge  Clay,  and  Lias  Eeptilia,  the  Bed 
Crag  Mammalia,  the  Mesozoic  Mammalia,  and  the  fossil  Elephants. 

Monographs  are  in  progress  on  the  Foraminifera  of  the  Crag,  the 
fossil  Sponges,  the  Cretaceous  Starfishes,  the  Carboniferous  Mollusca, 
the  Inferior  Oolite  Ammonites,  the  Fishes  of  the  Old  Bed  Sandstone, 
the  Pleistocene  Mammalia,  and  the  Devonian  Fauna. 

At  an  early  date  monographs  will  be  commenced  on  the  fossil 
Cycadese,  the  Cretaceous  Mollusca,  and  the  Lias  Gasteropoda,  but 
many  years  must  pass  away  before  the  whole  of  the  British  fossils 
are  described,  and  the  intention  of  the  original  founders  of  the 
Society  fulfilled. 

Tlie  fiftieth  volume,  for  1896,  has  the  whole  of  its  plates  ready 
and  more  than  three-fourths  of  its  text  printed  off.  Its  contents 
will  comprise  the  continuation  of  the  monographs  on  the  Crag 
Foraminifera,  the  Anthracomyse,  and  the  Devonian  Fauna,  tlm 
commencement  of  a  monograph  on  the  Carboniferous  Mollusca,  and 
the  conclusion  of  the  monograph  on  the  Inferior  Oolite  Gasteropoda. 

Within  a  week  of  the  last  annual  meeting,  Professor  the  Right 
Hon.  T.  H.  Huxley  (then  President)  passed  away.  The  Council 
suggest  that  Dr.  Henry  Woodward,  F.B.S.,  be  elected  President, 
that  the  vacant  Vice-Presidentship  be  conferred  on  the  Rev.  G.  F. 
Whidborne,  that  Mr.  R.  Etheridge,  F.R.S.,  be  re-elected  Treasurer, 
and  the  Bev.  Prof.  Wiltshire,  Secretary  ;  that  the  retiring  members 
of  Council  be  Sir  W.  Flower,  Prof.  Liveing,  and  the  Rev.  H.  H. 
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Win  wood  (Capt.  Tyler   having  recently   died),  and  that  the  ne^ 
members  of   Cuitnoil  be  the  He  v.   R.   A.   Bullen,  Be  v.  A.  Fuller, 
Dr.  W.  Hind,  and  Mr.  J.  E.  Marr,  F.R.S.     (llie  Report  was  adopts 
916111.  con,) 

Referring  to  the  past  publications  issued  by  the  Society,  it  appeal 
that  they  give  to  the  annual  Bubsoriber  more  than  an  aTerage  of 
280  pages  of  quarto  letterpress,  accompanied  by  an  average  of 
38  quarto  plates,  with  700  figures  in  the  platea  and  text,  and  yieU 
an  average  of  134  described  species  to  each  volume.  Tbis  ii 
far  and  away  beyond  what  has  yet  been  accomplished  by  an; 
Continental  Palseontographical  Society  for  a  subscription  of  oni 
guinea  annually. 

If  anyone  desires  to  know  how  so  much  valuable  scientific  mattei 
can  be  obtained  for  so  small  a  sum,  we  will  reveal  to  the  anxiom 
inquirer  and  would-be  annual  subscriber  the  secret. 

( 1 )  The  Authors  of  monographs  are  not  paid  for  their  oontributioni 

(2)  The  Officers  cheerfully  give  their  services,  so  that  the  oost  o 
management  is  reduced  to  a  mere  bagatelle. 

-  (3)  The  Geological  Society  of  London  most  generously  gives  to  th» 
Palsaontographical  Society  room  for  their  stock  in  its  apartments 
Burlington  House  free  of  charge,  and  also  allows  them  to  hold  thei    ^  'ii 
meetings  in  its  rooms. 

(4)  So  that  almost  the  entire  cost  of  the  volumes  issaed  i  .^  u 
confined  to  the  drawing  and  printing  of  plates,  to  the  setting  up  an^  ^^ 
correcting  the  letterpress,  and  the  printing,  paper,  and  binding 
the  annual  volumes. 

We  sincerely  trust  that,  with  the  new  volume,  will  also  com*' 
many  new  members,  who  will  eagerly  desire  to  obtain,  not  only  th» 
newly  printed  "  annual "  as  it  appears,  but  ask  for  and  secure  th» 
back  volumes,  some  of  which  may  still  be  had  (with  a  libei 
allowance  for  taking  a  serien)  on  application  to  the  Honorary' 
Secretary,  the  Rev.  Prof.  Wiltshire,  M.A.,  F.G.S.,  25,  Granvill- 
Park,  Lewisham,  near  London,  S.£. 

The  accompanying  Plate  XIII,  from  a  photograph  taken  at  Mr^C  "■' 
Frederick  Edwards*  house,  Ham pstead,  about  1856,  repr«*sentsfour<i^  "" 
the  original  members  of  the  Society,  namely  :  Sir  Joseph  Prestwiclr^^  ^*» 
M.A.,  D.G.L.,  F.RS.,  F.G.S., ;  Prof.  John  Morris,  F.Q.S. ;  F.  ' 
Edwards,  Esq.,  F.G.S.  ;  and  Searles  V.  Wood,  Esq.,  F.G.S.* 


II. — Classification   of  Dinosaurs.' 

By  l^rofessor  0.  C.  Marsh,  M.A.,  Ph.D.,  LL.D.,  F.G.S. ; 
of  Yale  College,  New  Haven,  U.S.A. 

IN  the  present  review  of  the  Dinosaurs,  I  have  confined  myse 
mainly  to  the  type  specimens  which  I  have  described,  but  hav 
included    with   them   other   important   remains   where   these  we 

*  Professor  Morris,  Mr.  F.  E.  Edwards,  and  Mr.  S.  V.  "Wood  al»o  contribnt- 
monoj^raphs. 
^  From  the  American  Journal  of  Science,  vol.  l,  pp.  491-8. 
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available  for  inveatigation.  The  extensive  collections  in  the  museum 
of  Yale  Univeraity  contain  so  many  of  the  important  type  specimens 
now  known  from  America,  that  they  alone  furnish  an  admirable 
hnsifi  for  classification,  and  it  was  upon  these  mainly  that  I  first 
established  the  present  system,  which  has  since  been  found  to  hold 
equally  good  for  the  Dinosaurs  discovered  elsewhere.  In  the  further 
study  of  these  reptiles,  it  was  also  necessary  to  examine  both  the 
European  forms  and  those  from  other  parts  of  the  world,  and  I  have 
now  studied  nearly  every  known  specimen  of  importance.  These 
investigations  have  enabled  me  to  make  this  classification  more  com- 
plete, and  to  bring  it  down  to  the  present  time. 

Many  attempts  have  been  made  to  classify  the  Dinosaurs,  the  first 
being  that  of  Hermann  von  Meyer,  in  1830.  The  name  Dinosauria, 
proposed  for  the  group  by  Owen,  in  1839,  has  been'  generally 
accepted,  although  not  without  opposition.  Hseckel,  Cope,  and 
Huxley  followed,  the  last  in  1869  proposing  the  name  Ornithoscelida 
€or  the  order,  and  giving  an  admirable  synopsis  of  what  was  then 
known  of  these  strange  reptiles  and  their  affinities.  Since  then, 
Hulke,  Seeley,  and  Lydekker,  Gaudry,  Dollo,  Baur,  and  many  others, 
have  added  much  to  our  knowledge  of  these  interesting  animals.  The 
remarkable  discoveries  in  North  America,  however,  have  changed  the 
whole  subject,  and  in  place  of  fragmentary  specimens,  many  entire 
skeletons  of  Dinosaurian  reptiles  have  been  brought  to  light,  and  thus 
definite  information  has  replaced  uncertainty,  and  rendered  a  com- 
prehensive classification  for  the  first  time  possible. 

The  system  of  classification  I  first  proposed  in  1881  has  been  very 
generally  approved,  but  a  few  modifications  have  been  suggested  by 
others  that  will  doubtless  be  adopted.  This  will  hardly  be  the  case 
with  several  radical  changes  recently  advocated,  based  mainly  upon 
certain  theories  of  the  origin  of  Dinosaurs.  At  present  these  theorien 
are  not  supported  by  a  sufficient  number  of  facts  to  entitle  them  to 
the  serious  consideration  of  those  who  have  made  a  careful  study  of 
these  reptiles,  especially  the  wonderful  variety  of  forms  recently 
made  known  from  America. 

Further  discoveries  may  in  time  solve  the  problem  of  the  origin  of 
all  the  reptiles  now  called  Dinosaurs,  but  the  arguments  hitherto 
advanced  against  their  being  a  natural  group  are  far  from  conclusive. 
The  idea  that  the  Dinosauria  belong  to  two  or  more  distinct  groups, 
each  of  independent  origin,  can  at  present  claim  equal  probability 
only  with  a  similar  suggestion  recently  made  in  regard  to  mammals. 
This  subject  of  the  origin  of  the  Dinosaurs  and  the  relation  of  their 
divisions  to  each  other  will  be  more  fully  treated  by  me  elsewhere. 

A  classification  of  any  series  of  extinct  animals  is  of  necessity,  as 
1  have  previously  said,  merely  a  temporary  convenience,  like  the 
bookshelves  in  a  library,  for  the  arrangement  of  present  knowledge. 
In  view  of  this  fact  and  of  the  very  limited  information  we  now  have 
in  regard  to  so  many  Dinosaurs  known  only  from  fragmentary 
remains,  it  will  suffice  for  the  present,  or  until  further  evidence  is 
forthcoming,  to  still  consider  the  Dinosauria  as  a  sub-class  of  the  great 
group  of  B«ptilia. 
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Begardiog,  then,  the  Dinosaurs  as  a  sob-class  of  the  Beptilia,  the 
forms  best  known  at  present  may  be  classified  as  follows : — 

Sub-class  DiHosAURiA,  Owen. 

Premaxillary  bones  separate ;  upper  and  lower  temporal  archeii ; 
no  teeth  on  palate  ;  rami  of  lower  jaw  united  in  front  by  cartilage 
only.    Neural  arches  of  vertebras  joined  to  centra  by  suture ;  cervical 
snd  thoracic  ribs  double-headed  ;  ribs  without  uncinate  processes ; 
sacral  vertebrae  united ;  caudal  vertebne  numerous ;  chevrons  arti- 
culated intervertebrally.  Scapula  elongate ;  no  precoraooid ;  clavicles 
wanting.     Ilium  prolonged  in  front  of  the  acetabulum  ;  acetabulum 
formed  in  part  by  pubis ;  ischia  meet  distally  on  median  line.     Fore 
and  hind  limbs  present,  the  latter  ambulatory  and  larger  than  those 
in  front.    Head  of  femur  at  right  angles  to  condyles;  tibia  with 
procnemial  crest ;  fibula  complete ;  first  row  of  tarsals  composed  of 
astragalus  and  calcaneum  only,  which  together  form  the  upper  por- 
tion  of  ankle  joint ;  reduction  in  number  of  digits  begins  with  the 
fifth. 

Order  Thebopoda  (Beast  foot).    Carnivorous. 

Skull  with  external  narial  openings  lateral;  large  antorbital 
vacuity ;  brain  case  incompletely  ossified ;  no  pineal  foramen  ;  pre- 
uiaxillaries  with  teeth ;  no  predentary  bone ;  dentary  without 
roronoid  process ;  teeth  with  smooth  compressed  <crowns  and 
crenulated  edges.  Yertebrse  more  or  less  cavernous ;  posterior  trunk 
vertebrae  united  by  diplosphenal  articulation.  Each  sacral  rib  sup- 
ported by  two  vertebrae ;  diapopbyses  distinct  from  sacral  rib» ; 
sternum  unossified.  Pubes  projecting  downward  and  united  distally ; 
no  postpubis.  Fore  limbs  small ;  limb  bones  hollow ;  astragaluo 
closely  applied  to  tibia ;  feet  digitigrade ;  digits  with  prehensile 
claws  ;  locomotion  mainly  bipedal. 

(1)  Family  MegaJosaurida,  Lower  jaws  with  teeth  in  front. 
Anterior  vertebrae  convexo-concave;  remaining  vertebrae  biconcave; 
five  sacral  vertebrae.  Abdominal  ribs.  Ilium  expanded  in  front  of 
acetabulum  ;  pubes  slender.  Femur  longer  than  tibia ;  astragalus 
with  ascending  process;  five  digits  in  manus  and  four  in  pes. 

Genus  Megahsaurus  (Foikilopleuron) .  Jurassic  and  Cretaceous. 
Known  forms  European. 

(2)  Family  Dryptosaurida.  Lower  jaws  with  teeth  in  front. 
Cervical  vertebrse  opisthocoelian  ;  remaining  vertebrae  biconcave ; 
sacral  vertebrae  less  than  five.  Ilium  expanded  in  front  of  ace- 
tabulum ;  distal  ends  of  pubes  coossified  and  much  expanded ;  an 
interpubic  bone.  Femur  longer  than  tibia  ;  astragalus  with 
ascending  process ;  fore  limbs  very  small,  with  compressed  pre- 
hensile claws. 

Genera  Dryptosaurus  {LaJnpa)^  AUosaurus,  Ccelosaurus,  Creosaurus, 
Jurassic  and  Cretaceous.     All  from  North  America. 

(3)  Family  LabroaavridcB.  Lower  jaws  edentulous  in  front. 
Cervical  and   dorbal  vertebrae   convexo-concave;   centra  cavernous 
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or  hollow.     Pnbes  slender,  with  anterior  margins  united ;  an  inter- 
pubio  bone.    Femur  longer  than  tibia;  astragalus  with  ascending 
process. 
Qenus  Lahrosaurus.    Jurassic,  North  America. 

(4)  Family  Plateosaurida  {Zandodonttda).  YertebrsB  biconcave ; 
two  sacral  vertebrsB.  Ilium  expanded  behind  acetabulum ;  pubes 
broad,  elongate  plates,  with  anterior  margins  united ;  no  intorpubic 
bone ;  isohia  expanded  at  distal  ends.  Femur  longer  than  tibia : 
astragalus  without  ascending  process.  Five  digits  in  manus  and 
pes. 

Genera  Plateosaurus  (Zandodon),  f  TeratosauruSf  Dimodosaurus, 
Triassia     Known  forms  European. 

(5)  Family  Anchisaurida,  Skull  light  in  structure,  with  re- 
carved  cutting  teeth.  Vertebrad  biconcave.  Bones  hollow.  Ilium 
expanded  behind  acetabulum ;  pubes  rod-like  and  not  coossified 
distally ;  no  interpubic  bone.  Fore  limbs  well  developed ;  femur 
longer  than  tibia ;  astragalus  without  ascending  process ;  five  digits 
in  manus  and  four  in  pes.     (Figure  1.) 


Fio.  1. — Anchisaueus  colurus,  Marsh.    ■^.    Triassic,  Connecticut. 

Genera  Anchtaaurus  (Megadaettjlus),  AmmosauruSf  f  Ardosaurus, 
Bathygnathus,  and  Clepsyaaurus,  in  North  America ;  and  in  Europe, 
Palaosaurus,  Tlieeodontosaurus,     All  known  forms  Triassic. 

Sub-order  Cceluria  (Hollow  tail). 

(6)  Family  Ccelurtda,  Teeth  much  compressed.  VertebrsB  and 
bones  of  skeleton  very  hollow  or  pneumatic ;  neural  canal  much 
expanded ;  anterior  cervical  vertebraa  convexo-concave  ;  remaining 
vertebraa  biconcave;  cervical  ribs  co6ssified  with  vertebrae.  An 
interpubic  bone.  Femur  shorter  than  tibia ;  metatarsals  very  long 
and  slender. 

Genera  CoeluruSf  in  North  America;  and  Aristosuckus,  in  Europe 
Jarassic 
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(7)  Family  Ccmpwogmaikidm.  Skoll  elongate,  with  dender  jaws 
and  [>ointed  teeth.  Cervical  vertebrae  convexo-concave ;  remaining 
vertebne  biconcave.  Iscbia  with  long  sympbysit  on  median  line. 
Bones  very  hollow.  Femur  shorter  than  tilna;  aatragalos  with 
long  ascending  process ;  three  functional  digits  in  manos  and  pes. 

Genoa  Camp$o^atku$,  Jorassia  Only  known  specimen  Euro- 
pean.    (Figure  2.) 


Fio.  2. — Coicp900!(ATHr9  LOfNoms,  Wagner,    i.    JmsBoCf  Bararia. 

Sub-order  Ckratosauria  (Horned  sanrians). 

(8)  Family    Cemiosaurida,      Horn    on   skull ;    teeth   large  and 
trenchant.     Cervical  vertebras  plano-concave;  remaining  vertebne 


Fio.  3.— Cerato6aurub  2vasicok2yis,  Marfth.    ifc.    JurasBic,  Colorado. 
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(iooncave.  Pelvio  bones  oodssified;  ilium  expanded  in  front  of 
oetabulum;  pubes  slender;  an  interpubio  bone;  isohia  slender, 
iritb  distal  ends  oodssified.  Limb  bones  hollow ;  manus  with  four 
ligits ;  femur  longer  than  tibia  ;  astragalus  with  ascending  process  ; 
netatarsals  coossified ;  three  digits  only  in  pes.  Osseous  dermal 
ilates.  (Figure  3.) 
Gtonoa  Ceratosaurus,     Jurassic,  North  America. 

(9)  Family  OrmthomimidoB.  Pelvic  bones  coossified  with  each 
ther  and  with  sacrum;  ilium  expanded  in  front  of  acetabulum, 
jimb  bones  very  hollow ;  fore  limbs  very  small ;  digits  with  very 
ong,  pointed  claws ;  hind  limbs  of  true  avian  type ;  femur  longer 
ban  tibia ;  feet  digitigrade  and  unguiculate. 

Genus  Ornilhomimus,    Cretaceous,  North  America. 

Sub-order  Hallopoda  (Leaping  foot). 

(10)  Family  Hnllopida.  Yertebraa  and  limb  bones  hollow ; 
ertebrsB  biconcave ;  two  vertebrsd  in  sacrum ;  acetabulum  formed 
»y  ilium,  pubis,  and  ischium ;  pubes  rod-like,  projecting  downward, 
»ut  not  coossified  distally ;  no  postpubis ;  ischia  with  distal  ends 
xpanded,  meeting  below  on  median  line.  Fore  limbs  very  small, 
irith  four  digits  in  manus.  Femur  shorter  than  tibia;  hind  limbs 
ery  long,  with  three  digits  only  in  pes,  and  metatarsals  greatly 
lungated ;  astragalus  without  ascending  process;  calcaneum  much 
»roduoed  backward ;  feet  digitigrade,  unguiculate. 

Genus  Hallopus.    Jurassic,  North  America. 

Order  Sauropoda  (Lizard  foot).     Herbivorous. 

External  nares  at  apex  of  skull ;  premaxillary  bones  with  teeth  ; 
eeth  with  rugose  crowns  more  or  less  Mpoon- shaped ;  large  antorbital 
penings ;  no  pineal  foramen  ;  alisphenoid  bones  ;  brain  case  ossified  ; 
10  columellsd ;  postoccipital  bones ;  no  predentary  bone ;  deutary 
nthout  coronoid  process.  Cervical  ribs  coossified  with  vertebrte; 
nterior  vertebrad  opisthoccelian,  with  neural  spines  bifid ;  posterior 
runk  vertebrsB  united  by  diplosphenal  articulation  ;  presacral  verte- 
rsB  hollow  ;  each  sacral  vertebra  supports  its  own  transverse  process, 
r  sacral  rib  ;  no  diapophyses  on  sacral  vertebrsB  ;  neural  cavity  much 
xpanded  in  sacrum ;  first  caudal  vertebra  procoelian.  Sternal  bones 
arial ;  sternal  ribs  ossified.  Ilium  expanded  in  front  of  acetabulum ; 
ubes  projecting  in  front,  and  united  distally  by  cartilage ;  no  post- 
ubis.  Limb  bones  solid;  fore  and  hind  limbs  nearly  equal; 
letacarpals  longer  than  metatarsals;  femur  longer  than  tibia; 
stragalus  not  fitted  to  end  of  tibia ;  feet  plantigrade,  ungulate ;  five 
igits  in  manus  and  pes ;  second  row  of  carpal  and  tarsal  bones 
Dossified ;  locomotion  quadrupedal. 

(1)  Family  Atlantosauridcs,  A  pituitary  canal ;  large  fossa  for 
&sal  gland.  Distal  end  of  scapula  not  expanded.  Sacrum  hollow  ; 
chia  directed  downward,  with  expanded  extremities  meeting  on 
ledian  line.  Anterior  caudal  vertebrse  with  lateral  cavities; 
^maining  caudals  solid. 
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Genera  AilantosauruSt  Apatosaurus,  Barosaurtts,  Broniosaunu. 
Include  the  largest  known  land  animals.  Jurassic,  North  Amerioa. 
(Figure  4.) 

• 

(2)  Family  Dtplodoeida.  External  nares  superior ;  no  depression 
for  nasal  gland ;  two  antorbital  openings ;  large  pituitary  fossa; 
dentition  weak,  and  in  front  of  jaws  only ;  brain  inclined  backward; 
dentary  bone  narrow  in  front.  Ischia  with  shaft  not  expanded  dis- 
tally,  directed  downward  and  backward,  with  sides  meeting  on  median 
line.  Sacrum  hollow.  Caudal  vertebrsd  deeply  excavated  below; 
chevrons  with  both  anterior  and  posterior  branches. 

Genus  Diplodocus.    Jurassic,  North  Amerioa. 


Fio.  4.— Brontosaubus  xxgblsus,  Marsh,    rhr*    Jnraasic,  'Wyoming. 

(3)  Family  Morosaurida,  External  nares  lateral ;  large  fossa  for 
nasal  gland  ;  small  pituitary  fossa ;  dentary  bone  massive  in  front 
Shaft  of  scapula  expanded  at  distal  end.  Sacral  vertebras  nearly 
solid  ;  ischia  slender,  with  twisted  shaft  directed  backward,  and  sides 
meeting  on  median  line.     Anterior  caudals  solid. 

Genera  Moroaaurus,  ?  Camarasaurus  {Amphiecelias),  Jurassic, 
North  America. 

(4)  Family  PJeurocceltdse.  Dentition  weak ;  teeth  resembling 
those  of  Viphdocus.  Cervical  vertebrae  elongated ;  centrum  hollow, 
with  large  lateral  openings ;  sacral  vertebras  solid,  with  lateral 
depressions  in  centra  ;  caudal  vertebrae  solid  ;  anterior  caudals  with 
flat  articular  faces,  and  transversely  compressed  neural  spines ; 
middle  caudal  vertebrae  with  neural  arch  on  front  half  of  centrum. 
Ischia  with  compressed  distal  ends,  meeting  on  median  line. 

Genus  Fleuroccelus,     ?  Jurassic,  North  America. 

(5)  Family  Titanosaurida,  Fore  limbs  elongate ;  coracoid  quadri- 
lateral. Presacral  vertebrae  opisthoccelian ;  first  caudal  vertebra 
biconvex ;  remaining  caudals  procoelian  ;  chevrons  open  above. 

Genera  I'itanosaurus  and  Argyrosaurus.  ?  Cretaceous,  India  and 
Patagonia. 

(6)  Family  Cardtodoniida.  Teeth  of  moderate  size.  Upper  end 
of  scapula  expanded ;  humerus  elongate  ;  fore  limbs  nearly  equalling 
Iiind  limbs  in  length.  Sacrum  solid ;  ischia  with  wide  distal  ends 
meeting  on  median  line.     Caudal  vertebras  biconcave. 
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Genera    Cardiodon    (Cetioiaurui),    Bolhriotpondyltia,     Ornitliopsis, 
SDd  Peloroaaunu.     European,  and  probably  all  JuraaBio.' 
Order  Pkkdbntata.     Herbivorous. 

Narial  opening  lateral ;  no  antorbital  foramen  ;  brain  oaaeoaaified ; 
snpra-orbilal  bones ;  teeth  with  sculptured  orowns ;  maxillary  teeth 
with  orowns  grooved  on  outside  ;  lower  teeth  with  grooves  on  inside 
of  crown;  a  predenlaiy  bone  ;  denlary  with  coronoid  process.  Cer- 
vical ribe  artioulating  with  vertebrte ;  each  sactal  rib  supported  by 
two  vertebrae.  Ilium  elongated  in  front  of  acetabulum  ;  prepubio 
bones  free  in  front;  postpubic  bones  present;  isohia  slender,  directed 
bnokward,  with  distal  ends  meeting  side  to  side.  Astragalus  without 
ascending  process. 

Sub-order  Steoosadkia  (Plated  lizard). 

Skull  without  horns;  no  teeth  in  p rem azi liar ies ;  teeth  with  dis- 
tinct compressed  crowns  and  serrated  edges.      Fore  limbs  small. 


Fio.  S. — SraooBAuaDi  chovlatos,  Monh.  ^.  Jnnusic,  Wyoming. 
Yertebrie  and  limb  bones  solid.  Fubes  projecting  free  in  front ; 
postpiibia  present.  Femur  longer  than  tibia;  feet  plantigrade, 
ungulate  ;  five  digits  in  mnnus  and  four  in  pes  ;  seoond  row  of  carpals 
and  tarsab  unossified;  looomution  mainly  quadrupedal.  Osseous 
dermal  armour. 

(1)  Family  Sltgotaaridte.  Vertebraj  biconcave.  Neural  canal  in 
sacrum  expanded  into  large  chamber  ;  iecbia  directed  backward,  with 
sides  meeting  on  median  line.  Dorsal  ribs  T-shaped  in  cross  section. 
Astragalus  ooossified  with  tibia;  metapodials  very  short;  five  digits 
in  manua;  three  functional  digits  in  pes.  Back  surmounted  by 
a  orest  of  vertical  plat«s  ;  tail  armed  with  one  or  more  pairs  of  large 
spiaea.     (Figure  S.) 

'  The  WesMeu  U  here  regarded  as  L'pper  Jurassic,  snd  not  Cretaceous.  Sm 
O.  C.  Manh,  GSOL.  Mao..  Dwade  IV,  Vol.  Ill,  18B6,  p.  S ;  and  A.  S.  Woodward, 
pp.  60-Tl,  "  On  Uke  Afflnitiea  of  the  Wealdeu  t'ltuoa  and  Flora." 


Genera  Stegotawriu  (Byptirkophus).  Diraendon,  f  Dgttropltn', 
FalaotcineiM,  Priconodon,  all  from  North  America;  aod  in  Europe. 
Omoiaurut,  Owen.     Jurassio  and  Cretaoeoui. 

(2)  Family  Seeltdotanrida.  Neural  canal  narrow ;  diapophju* 
of  dorsal  vertebra  aiipporting  head  and  tubercle  of  riba,  ABtragulo* 
not  cooBsified  with  tibia;  metatarsals  e]ongat«d ;  three  fanotioDal 
digits  in  pes. 

Genera   SefUdosauriu,    AranthophoHi,    HglitOMHnii,    Polaeaart**- 
Jurassic  and  Cretaceous.     Known  forms  all  European.    (Figure  6.) 


Fio.  6.~8cu.iD08ACECS  Habbibom,  Owen. 

(3)  Fnmily  Kodotauridm.     Heavy  dermal  e 
Fore  limbs  large ;  feel  ungulate. 

Genus  Nodoiaunu.     Cretaceous,  North  America. 

Sub-order  Csbatopbia  (Homed  face). 
Premaxillaries  edentulous  ;  teeth  with  two  distinct  roots  ;  ak  ■•  * 
surmounted  by  massne  horn  cores,  a  rostral  bone,  forming  a  shaVl^' 
cutting  beak  1  expnndeil  parietal  orest  with  marginal  armature;  '^^  * 
pineal  foramen.  Vertebne  and  limb  bones  solid  ;  fore  limbs  larfC"^'  ' 
f<>mur  longer  than  tibia,  feet  ungulate;  locomotion  quadruped^*'' 
Dermal  armour. 


Fio.  7. — Tricebatopb  frobbus,  Marati.     ^j.     Crataceoiu,  Wj'oming. 


(4)  Family  Ceratopiid-e.  Anterior  cervical  vertebm  coSssifi^^' 
wi(b  each  other;  posterior  dorsal  verlebree  aupporting  on  t*^^ 
diapophysis  both  the  head  and  tubercle  of  the  rib;  lambar  Terteb^^ 
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wanting;  saoral  vertebrad  with  both  diapophyses  and  ribs.  Pubes 
projecting  in  front,  with  distal  end  expanded ;  postpubio  bone  rudi- 
mentary or  wanting. 

Genera  Ceratops,  AgathaumaSt  Monoelonius,  Polyonax,  Sterrho' 
tophus,  Torosaurus,  Trieeratops,  in  North  America ;  and  in 
Europe,  StrtUhiosaurus  (Crataomus).  All  are  Cretaceous.    (Figure  7.) 

Sub-order  Ornithopoda  (Bird  foot). 

Skull  without  hq^s ;  preraaxillaries  edentulous  in  front  Yerte- 
brad  solid.  Pubes  projecting  free  in  front ;  postpubis  present.  Fore 
limbs  small ;  astragalus  closely  fitting  to  end  of  tibia ;  feet  digiti- 
grade ;  three  to  five  functional  digits  in  manus  and  three  to  four  in 
pes  ;  locomotion  mainly  bipedal.     No  dermal  armour. 

(5)  Family  CamptOMaurida  (Camptonottda).  Premaxillaries 
edentulous;   teeth  in  single  row;  a  supra-orbital  fossa.     Anterior 


Fio.  8.— Camptosaurus  dispaa,  Marsh.    ^.    JurasaiC)  Wyoming. 

verlebraB  opisthocoelian  ;  sacral  vertebrsB  with  peg  and  notch  articu- 
lation. Limb  bones  hollow;  fore  limbs  small;  five  digits  in 
manus.  Postpubis  reaching  to  the  distal  end  of  ischium.  Femur 
longer  than  tibia,  and  with  pendent  fourth  trochanter;  hind  feet 
with  four  digits.  (Figure  8.) 
Genus  Camptosanrus  {Camptonotns),     Jurassic,  North  America. 

(6)  Family  Laosaurida.  Premaxillaries  edentulous;  teeth  in 
single  row.  Anterior  vertebrae  with  plane  articular  faces  ;  sacral 
vertebras  coosHified.  Sternum  unossified.  Postpubis  reaching  to 
distal  end  of  ischium.  Limb  and  foot  bones  hollow ;  fore  limbs 
very  small ;  five  digits  in  manus ;  femur  shorter  than  tibia ;  meta- 
tarsals elongate  ;  fuur  digits  in  pes. 

Genera  Laosaurus  and  Dryoaaurus,  Jurassic,  North  America. 
(Figure  9.) 

(7)  Family  Hypsilophodontida,  Premaxillaries  with  teeth  ;  teeth 
in  single  row ;  sclerotic  bony  plates.     Anterior  vertebras  opistho- 
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Fio.  9.— LAosAURrs  coksohs,  Marslk    ^^,    Jurassic,  Wyoming. 

coelian  ;    saoral  vertebrad  coossified.     Sternum  ossified.     Postpobi 
extending  to  end  of  iscliium.     Limb  bones  hollow ;  five  digits  i 
man  us  ;  femur  shorter  than  tibia ;  hind  feet  with  four  digits. 
Genus  Hypsilophodon,    Wealden,  England.     (Figure  10.) 


Fio.  10. — Hypsilophodon  Foxii,  Huxley,    ^g.    Cretaceous,  England. 

(8)  Family  Ignanodonttda.     Premaxillanes  edentulous;  teeth     * 
single  row.      Anterior  vertebrce  opisthocoelian.     Manus  with  3-^ 
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digits ;  pollex  Bpin(>-likB.    Sternal  bones  ossified.    Postpubis  iu- 
complete.     Femur  longer  than  tibia.     (Figure  11.) 

QeatTH  Ignanodon,  FecJitauriM.  Jurassio  and  Cretaceous.    Known 
forms  all  European. 


FlO,  11, — louANniMN  BntmuABTBHBiB,  Boulenger. 

(9)  Family  Traehidoniida  {Bndroiaurida).  FremaxillarieB  eden- 
tulous ;  teeth  in  seTeral  rows,  forming  with  use  a  tessellated  grinding 
lurrace.  Cervical  vertebrie  opisthocoelian.  Limb  bones  hollow ; 
fore  limbs  small ;  femur  longer  than  tibia. 


Fro.  12, — Claobaurl-s  asmctenb,  Morah.     ^j.     Cretaceous,  WjomiDg. 
Genera    Trachodon   {Hadrotaurtu,    Dietonitti),    Cionodon.     Cretn- 
eeous,  North  America. 
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(10)  Family  Claosaurida.  Premaxillaries  edeutulous;  teeth  in 
several  rows,  but  a  single  row  only  in  use.  Cervical  vertebm 
opisthocoelian.  Limb  bones  solid ;  fore  limbs  small.  Sternal  boDM 
)>arial.  Postpubis  incomplete.  Femur  longer  than  tibia;  feet 
ungulate ;  three  functional  digits  in  manus  and  pes.     (Figure  12.) 

Genus  Claosaurus.     Cretaceous,  North  America. 

(11)  Family  Nanosavridm,  Teeth  compressed  and  pointed,  and 
in  a  single,  uniform  row.  Cervical  and  domal  vertebrao  short  and 
biconcave ;  sacral  vertebrsd  three.  Ilium  with  very  short  pointed 
front,  and  narrow  posterior  end.  Limb  bones  and  others  very 
hollow ;  fore  limbs  of  moderate  size ;  humerus  with  strong  radiid 
crest;  femur  curved,  and  shorter  than  tibia;  fibula  pointed  below; 
metatarsals  very  long  and  slender.     Anterior  caudals  short 

Genus  NanoBaurus,  Jurassic,  North  America.  Includes  the 
smallest  known  Dinosaui-s. 

In  these  restorations  of  Dinosaurian  Reptiles  the  scientific  Dame, 
the  size,  geological  formation,  and  country  where  found,  are  given 
under  each  of  the  twelve  figures.  The  skeletons  here  restored  are 
represented  in  the  same  general  position,  to  aid  in  comparing  them 
with  each  other. 


III. — On  a  Pkbbly  Quartz-Schist  fbom  the  Val  d'Anmitikbs 

(Pennine  Alps). 
By  Prof.  T.  G.  Bonnet,  D.Sc,  LL.D.,  F.R.8. 

IN  1893  I  described  in  this  Magazine*  a  group  of  quartz-schists 
which  may  be  traced  for  many  miles  along  the  Alps — a  group 
belonging  to  the  series  which  appear  to  be  the  newest  among 
the  crystalline  schists  of  that  chain.  I  may  refer  to  this  paper 
for  a  description  of  their  mode  of  occurrence,  distribution,  and 
structure,  both  macroscopic  and  microscopic,  merely  stating  that, 
while  considering  them  to  have  had  a  clastic  origin — in  other  words, 
to  be  metamorphosed  sandstones — I  pointed  out  that  they  presented 
some  material  differences  from  ordinary  quartzites,  and  that 
*'  original  fragments  [could  not]  be  distinguished  with  certainty 
in  any  of  them,"  though  **here  and  there  a  clastic  structure,"  of 
which  I  gave  instances,  **  may  be  suspected." 

In  1894  my  friend  Mr.  J.  Eccles,  F.G.S.,  informed  me,  on  bis 
return  from  the  Alps,  that  he  had  discovered  pebbles  in  this 
quartz-schist  in  the  Val  d'Anniviers  (Einfisch-thal),*  showing  me 
specimens  of  the  rocks.  I  examined  one  of  these  under  the  micro- 
scope, and  the  results  fully  confirmed  his  determination  in  the  field. 
This  pebbly  schist,  he  said,  occurred  on  the  western  flank  of  the 
range  between  the  Yal  d'Anniviers  and  the  Turtman-thal,  in  an 
upland  glen  of  the  Tounot,  about  one-third  of  a  mile  £S£.  of  the 

»  Gbol.  Mao.,  Dec.  Ill,  Vol.  X,  pp.  204-210. 

■  It  IB  the  second  valley  to  the  west  of  the  Vispthal,  opening  into  the  Rhone 

**~  opposite  to  Sierre. 
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well-known  Weisshorn  Hotel.  As  any  indication  of  a  coarse  clastic 
struotare  in  a  true  crystalline  schist,  so  far  as  I  knew,  was  a  rarity, 
I  determined  to  examine  this  rock  in  the  field  the  next  time  that  I 
happened  to  visit  that  part  of  the  Alps.  An  opportunity  presented 
itself  during  the  summer  of  last  year,  when  I  had  the  good 
fortune  to  he  accompanied  hy  Mr.  Eccles  himself,  as  well  as  by 
anotlier  fellow- worker  in  Alpine  geology,  the  Rev.  E.  Hill.  We 
had  intended  to  spend  a  week  or  two  at  Zinal,  and  therefrom  to 
visit  the  sections  discovered  by  Mr.  Eccles,  which  can  be  reached 
by  a  rather  long  walk  over  the  rough  slopes  of  the  range  on  the 
eastern  side  of  Yal  d'Anniviers.  This  intention,  however^  was 
afterwards  abandoned,  as  we  found  plenty  of  a  similar  rock  in 
much  more  accessible  situations. 

The  torrent  froni  the  Val  d'Anniviers  enters  the  Rhone  Valley 
through  a  deep  and  narrow  gorge.  Thus  a  considerable  ascent 
must  be  made  in  order  to  gain  the  slopes  above  it;  and  the  road 
to  Zinal,  before  entering  the  actual  valley,  mounts  in  a  seiies  of 
zigzags  up  its  eastern  portal  from  the  level  of  the  Rhone.  As 
we  ascended,^  I  passed  the  following  rocks  on  the  slopes : 
(1)  rauchwacke,  (2)  a  dark  slaty  rook,  (3)  Fontiskalk,  (4)  Casanna 
Schiefer ;  the  outcrops  not  necessarily  occurring  in  this  order.  The 
first  of  these  four  is  the  usual  buff-coloured  friable  limestone,  so 
com  mem  in  the  Alps  (though  often  in  patches  only),  which  is 
generally  admitted  to  be  Triassic  in  age;  the  second,  also,  is  a  type 
not  uncommon  in  the  Alps — a  black  slate  or  phyllite,  assigned 
to  the  Carboniferous  system ;  the  third  is  a  more  or  less  calcareous 
rock,  rather  variable  in  colour  and  character,  but  often  a  greyish 
or  darkish  limestone,  in  places  subcrystalline,  but  very  different 
in  aspect  from  the  calc-schists  which  are  so  largely  developed 
in  the  Pennine  chain  a  little  further  to  the  south,  and  are  associated 
with  the  above-named  quartz- schists.  This  Fontiskalk  I  believe 
to  be  more  modern  than  the  crystalline  schists,  and  think  it  may 
belong  to  some  part  of  the  Palseozoic  era.  The  fourth,  the  Casanna 
Schiffer,  is  a  gneissic  rock,  not  very  coarse  in  texture,  often  considerably 
crashed,  fairly  micaceous,  and  generally  of  a  dullish  grey  colour. 
A  rock  of  a  similar  character  often  appears,  in  this  region  of  the 
Alps,  to  underlie  the  aforesaid  group  of  crystalline  schists. 

The  floor,  as  it  may  be  called,  of  the  Val  d*Anniviers  is  gained 
after  an  ascent  of  about  1300  feet,  not  far  from  Niouc,  and  about 
3^  miles  beyond  is  Fang.  Before  reaching  the  latter  hamlet,  blocks 
ol  quartz-schist  became  abundant  by  the  roadside,  and  it  was  soon 
evident  that  ample  materials  for  study  were  close  at  hand,  for 
many  of  them  indubitably  contained  pebbles.  Further  examination 
showed  that  a  great  talus  of  these  blocks  extended  up  for  some 
hundreds  of  feet  to  the  foot  of  a  cliff,  obviously  of  the  same  rock. 
To  this,  however,  we  did  not  ascend,  as  we  perceived  that  we  should 
cross  its  outcrop  higher  up  the  valley.  On  reaching  this  we 
found  good  sections,  and  afterwards  we  discovered  indications  of 

*  An  old  mule  path  cuts  off  some  of  the  zigzags  of  the  carriage  road.  I  have 
traversed  both  routes. 
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pebbles,  thougb  not  often,  in  the  quartz-sobist  near  Zinal.  Time 
will  be  saved  by  oollectiDg  together  the  results  of  our  examinatioQ 
of  the  different  sections. 

This  quartz-8cbi8t,  according   to  the  Geological  Survey  Map  of 
Switzerland    (BlaiL    xvii    and    xxii),   occurs    in   several   localities 
on  either  side  of  the  Val  d'Anniviers,  coming  generally  immediately 
above  the   Casanna  Schie/er,      It  is   overlain   by  a  thick  mass  of 
schist,  which  for  brevity  I  will  designate  calo- mica-schist,^  thoagh 
it  may  vary  from  an  almost  pure  marble  (rare)  to  a  very  slightly 
calcareous  mica-schist ;  the  latter  being  the  more  usual  type  in  this 
valley.     With  these  schists  we  find  a  third  type,  called  on  the  map 
Qriiner  Schiefer,  which  may  be  an  intrusive  igneous  rock,  subse- 
quently modified  by  pressni-e.      As  there  shown,  the  quartz-schist 
strikes,    very   roughly   speaking,   from    ENE.   to   WSW.      In   the 
lower  part  of  the  Yal  d'Anniviers  it  is  dipping  at  a  moderate  angle 
towards  the   south,*  and   its   outcrop  rises   rather  rapidly  up  the 
mountain  slopes   on  either  side.      Proceeding  along  the  crests  of 
these  towards  the  same  point  of  the  compass,  we  see  from  the  map 
that  the  quartz-schist  occurs  at  intervals  above  the  Casnnna  Schiefer, 
at  elevations  varying  approximately  from  8,800  to  9,800  feet  above 
the  sea.     Fi*esently,  in  the  peaks  of  the  Tounot  and  Hoc  de  Biidry 
(10,302')  on  the  east  side,  and  in  the  Bees  de  Bosson  (10,386')  on 
the  west,  it  is  capped  by  calc-schist.     Then,  south  of  the  former, 
comes  a  slight  interruption,  for  the  Forcletta  Pass  (9,810')  is  cut 
down  to  the  Caaanna  Schiefer^  and  the  calc-mica- schist,  as  the  crest 
rises  again,  seems  to  rest  for  a  short  distance  on  this  rock.'    Bat 
the   quartz-schist   soon    reappears    at    the   base    of    the    Diablons 
(11,850'),  in  its  usual  position,  and  thence  descends  towards  the 
valley,  disappearing  at  last  beneath    talus   at   some   height   above 
Zinal.     On   the  western    side  of  the  Val  d'Anniviers  the   quartz- 
schist,  in  a  like  position,  runs  southward  from  the  Bees  de  Bosson, 
sweeps  round  the  head   of  the  Val  de  Moiry  (a  tributary  of  the 
main  valley),  passes   along   the   flanks   of  the  Come  de  Sorehois 
(9,207') — where  it  is  capped  by  a  fair  thickness  of  the  calc- mica-schist 
(very   micaceous) — and   then   descends,    reaching  the   bed   of  the 
valley  opposite  to  Zinal,  where  it  is  well   exposed.     These  facts 
seem  to  me   explicable   only  on  the   hypothesis  that  the  Ckuanna 
Schiefer^  the  quartz-schist  and  the  calc-mica-schist,  with  the  associated 
Griiner  Schiefer,  form  part  of  a  huge  fold,  the  axis  of  which  slopes 
up  towards  the  north  at  a  moderate  angle.     This,  at  first  sight, 

*  It  is  called  Glanz  Schiefer  {aehUtet  lustres)  on  Blatt  XTii,  and  Graue  Sehiefer, 
kaWtaltigt  on  Blatt  xxii.  On  the  former  its  place  in  the  table  of  colours  aeems 
to  make  it  newer  than  the  Carboniferous,  but  on  the  latter  it  is  the  older  rock. 
So  far  as  re^rds  the  calcareous  and  micaceous  schists  which  are  associated  with 
the  quartz -scliist,  I  have  no  doubt  that  the  whole  group  is  pre-Carboniferous  ;  but 
the  other  map  appears  to  me  to  desi^ate  by  the  same  tint  two  rocks  which  differ 
in  locality,  littiological  characters,  and  geoloj^cal  age. 

'  I  intended  to  make  an  exact  measurement  as  I  came  down  the  valley,  but  was 
hurried  by  the  on-coming  of  a  heavy  shower. 

*  I  have  not  examined  this  part,  so  cannot  say  whether  the  quartz-schist  is  absent 
Ibe  outcrop  is  too  thin  to  be  indicated  on  the  map. 
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appears  to  warrant  the  identification  of  the  Pontiskalk  witli  the 
calc-mica-Bcbist.  But  even  a  brief  examination  of  the  slopes  on 
which  the  former  rook  occurs  shows  us  that  we  are  dealing  with 
a  very  complicated  piece  of  geology,  and  I  have  little  doubt  that 
the  Pontiskalk  is  a  much  newer  rock  than  the  calc-mica-schist  and 
its  associates.  But  to  give  ray  reasons  for  this  opinion — and  these 
are  not  of  an  d  priori  character — would  extend  this  paper  to  an 
unreasonable  length. 

The  quartz-schist  certainly  varies  considerably  in  thickness.  But 
I  made  no  measurements,  for  in  a  district  like  the  Alps  their  value 
must  often  be  uncertain,  and  this  point  had  no  bearing  on  the 
questions  with  which  I  was  concerned.  In  places  I  think  it  exceeds 
a  hundred  feet.  It  also  varies  in  character.  It  is  distinctly  pebbly 
near  Fang,  to  the  ESE.  of  the  Weisshorn  Hotel  (i.e.  under  the 
Tonnot),  and  on  the  left  bank  of  the  valley  opposite  to  Zinal 
(though  here  the  pebbles  are  generally  small).  It  is  often  rather 
coarse  and  slightly  "gneissose"  in  texture,  owing  to  the  presence 
of  a  filmy,  pale-green  mineral,  but  from  this  condition  it  passes 
into  a  nearly  homogeneous,  white  rock, — as  in  places  opposite  to 
Zinal,  and  at  the  Alpe  de  Collier  (on  the  right  bank,  about  1500 
feet  above  the  village).  As  a  rule,  the  quartz-schist  is  not  only 
less  slabby  than  it  is  above  Saas  Fee  (though  that  structure  may 
be  observed  near  the  alp  just  named),  but  also  (so  far  as  I  have 
seen)  it  wants  that  occanional  distinct  banding  with  a  grey  mien. 
The  most  pebbly  part — where  we  examined  it  in  situ  south  of  Fang 
— was  some  four  feet  thick.  The  pebbles  were  in  layers,  the 
thickest  of  these  being  about  fifteen  inches,  but  they  were  not 
restricted  either  to  the  bands  or  to  this  part  of  the  rock.  They 
generally  varied  from  well-rounded  to  subangular,  and  often  seemed 
slightly  distorted  by  pressure.  Most  of  them  were  white  vein- 
qnartz,  but  I  also  noticed  a  reddish  quartz  (small),  and  a  compact 
light-green  rock,  rather  soft  and  flatter  in  shape,  which  sometimes 
seemed  to  merge  into  the  films  already  mentioned. 

In  addition  to  the  specimen  from  near  the  Weisshorn  Hotel, 
I  have  examined  microscopic  sections  from  the  following  localities  : 
Fallen  pebbly  blocks  north  of  Fang;  pebbly  band  in  «iM 
^outh  of  Fang;  slabby,  slightly  fissile  quartz-schist  near  Alpe 
de  Collier ;  rather  pebbly  rock  opposite  to  Zinal ;  most  compact 
and  white  variety,  in  same  mass.  I  may  refer  to  my  former 
paper  for  a  general  account  of  the  microscopic  structure  of  the 
quartz-schist,  and  content  myself  with  calling  attention  to  any 
differences  exhibited  by  these  specimens.  In  most  of  them  the 
constituents  vary  much  more  in  size  than  in  those  from  Saas  Fee, 
but  the  "  matrix "  in  which  the  larger  fragments  are  set  is  more 
fine-grained.  The  most  uniform  in  character,  as  might  be  expected, 
are  the  examples  from  the  Alpe  de  Collier  and  from  opposite 
to  Zinal  (compact  variety).  The  former  consists  usually  of  quartz 
granules  rather  less  than  '0025  "  in  diameter,  and  of  mica  flakelets, 
which  seldom  attain  '025"  in  length.  But  even  here  the  matrix 
becomes  a  little    coarser  in  places,  the  quartz-grains   occasionally 
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ranging   up    to    -02";    while  the   second  specimen    is   throngboot 

rather  coarser,  the  quartz-grains  in  it  attaining  aboat  doable  the 

lost- mentioned  size.     All  the  other  slices  exhibit  great   variety  in 

structure,  the  matrix  being  sometimes  quite  as  fine  as  in  the  first 

instance,  but  generally  more  micaceous.      The  included  fragments 

are  mostly  quartz,  and  their  exterior  (and  this  is  also  true  of  the 

granules)   is    "  ragged "   in  outline,  except  in  certain  cases,  when 

it  is  surrounded  by  a  kind  of  envelope  of  micji,  like  a  pellet  wrapped 

iu  paper.     Of  these  fragments  the  smaller  are  generally  simple, 

the  larger  composite,  being  apparently  vein-quartz,  though  one  or 

two  of  them  resemble  a  rather  minute  and  highly  altered  quartzite. 

The  others  often  exhibit  strain   shadows,  are   sometimes   cracked 

(occasionally   with   slight  displacement),   and  are  again   cemented 

with  chalcedonic  quartz.  But  there  are  cases  where  this  material  seems 

as  if  it  had  been  the  result  of  molecular  change,  without  fractnre, 

along  a  certain  direction  in  the  grain  ;   and  when  it  occurs  at  the 

exterior,  as  it  not  seldom   does,  it   appears  to   have    been   iorraed 

by  the  same  process  rather  than  by  accretion.     Felspar  is  alwa}'8 

present,  though  generally  rather  altered  ;  cleavage  may  be  observe^!, 

but  I  have  not  come   across   polysynthetic   twinning.     No  doubt 

it  represents  original  fragments,  though  at  the  present  time  it  is 

not  obviously  clastic      Some   of    the   felspar-grains  may  be  wen 

to  pass  into  a  mass  pf  minute  mica,  cemented  by  exceedingly  fine 

chalcedonic  quartz,  and  I  think  that  the  micaceous  part  of  the  matrix 

has  been   formed   generally   by   the  alteration   of  clayey  or  silty 

matter.     The  mica  exhibits  a  very  faint  tinge  of  a  greenish  colour, 

and    is   probably    not   materially  different    from    that   in    the  Saas 

Fee  rock.     It  occurs  in  fairly  regular  flakelets,  and   in   most  cases 

is   clearly   authigenous,   though  a  few   larger  iBakes  possibly  may 

be  derivative  ;  that  is  probably  true  of  two  or  three  bits  of  rather 

altered  biotite.      As  in  the  other   rock,  1   note  occasionally  small 

zircons,  rutiles,  and  epidote  or  zoisite,  with  iron  oxides  and  some 

brownish  granules,  wLicli  I  think  are  gamets,  though  one  or  two 

suggest  the  possibility  of  idocrase ;    but  quartz   and  mica  (almost 

colourless),  with  some  felspar,  are  the  dominant  constituents.     One 

fragment  may  represent  a  very  fine-grained  micaceous  schist.     This, 

I  suspect,  belongs  to  the  compact  greenish  rock   mentioned  above, 

of   which,  however,  1  failed  to  obtain  a  good  piece  in  a  position 

favourable  for  a  section. 

These  specimens  from  the  Val  d'Anniviers  present  more  resera- 
•  blance  to  the  crushed  Torridon  Sandstone  and  the  "  piped  "  quartzite 
mentioned  in  my  last  paper,  than  do  those  from  Saas  Fee,  but  they 
are  by  no  means  identical  with  either.  They  have  been  affected  by 
pressure,  but  the  mineral  change  is  much  more  complete  than  in 
Scotch  rocks,  and  there  is  nothing  to  show  that  this  pressure  was  the 
chief  agent  in  producing  the  metamorphism.  They  retain,  probably 
owing  to  their  greater  coarseness  and  more  heterogeneous  character, 
much  more  distinct  traces  of  their  original  condition  than  the 
•schists  from  Saas  Fee,  but  their  differences  from  frag- 
L  rocks  in  the  Mesozoio  or  later  Talfleozoic  systems  in  the 
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Alps,  to  my  mind,  increase  tbe  probability  that  they,  and  the 
calc-sohists  and  mica-schists  associated  with  them,  are  much  more 
ancient  than  any  of  these— in  other  words,  that  they  very  probably 
belong  to  the  Archaean  era. 


IV. — Notes  on  the  Whitehaven  Sandstone. 
By  T.  V.  Holmes,  F.G.S. 

ris  not  sarprising  that  the  earlier  geological  writers  on  the 
district  north  and  west  of  the  Silurian  and  other  hills  of  Lake- 
land, and  between  the  River  Caldew  and  the  Sol  way,  should  have 
arrived  at  diverse  conclusions  as  to  the  affinities  of  certain  sandstones 
and  shales  of  reddish  or  purple-grey  tint,  which  are  now  known  to 
occur  at  various  horizons  in  the  Carboniferous  series.  For  this 
district  presents  unusual  difficulties  to  an  understanding  of  the 
disposition  of  the  rocks  beneath  the  Glacial  Drift. 

In  the  belt  of  country  nearest  Lakeland,  occupied  by  the  Carboni- 
ferous Limestone  series,  which  is  mostly  from  about  400  feet  to  more 
than  1000  feet  al)ove  the  level  of  the  sea,  the  various  beds  of  lime- 
stone and  sandstone  are  frequently  traceable  for  a  certain  distance, 
and  the  presence  here  and  there  of  a  considerable  thickness  of 
Glacial  Drift  obscures,  but  does  not  wholly  hide,  the  arrangement 
of  the  older  rooks.  But  the  obscurity  greatly  increases  as  we 
descend  into  the  lower  ground  towards  the  Sol  way,  in  which  the 
Upper  Carboniferous,  the  Permian-Triassio,*  and  the  Liassic  rocks 
exist,  for  there  the  surface  consists  almost  entirely  of  Glacial  Drift 
and  other  superficial  beds.  Here  and  there,  often  at  rare  intervals, 
Carboniferous  and  Permian-Triassio  beds  may  be  seen  in  the  banks 
of  the  rivers  and  streams,  or  as  small  patches  elsewhere ;  but  tht»y 
make  no  definite  features ;  the  surface-ridges  are  composed  wholly 
of  Glacial  Drift  And  when,  after  long  and  laborious  work  in  the 
field,  approximate  boundaries  between  the  older  formations  can  be 
made  out,  they  are  usually  lines  of  fault  Coast  sections,  also,  are 
few  and  far  between.  From  a  point  about  two  miles  nonh  of 
Maryport  to  the  mouth  of  the  Eden  at  Kockcliff  superficial  beds 
only  can  be  seen.  Perraian-Triassic  (St  Bees)  Sandstone  appears 
at  Maryport,  but  southward,  between  Maryport  and  Whitehaven, 
coast- sect  ions  in  the  older  rocks  are  rare,  though  there  is  a  con- 
tinuous series  of  them  from  Whitehaven  round  the  headland  of 
St.  Bees. 

Then,  in  addition  to  the  difficulties  arising  from  the  covering  of 
Glacial  Drift,  we  have  (along  the  Carboniferous  and  Permian- 
Triassic  junction  from  Maryport  north-eastward)  another  in  the 
reddish  or  purple-grey  tint  of  many  of  the  Carboniferous  beds, 
which  approximates  so  closely  to  that  of  the  Permian-Triassio 
deposits  as  to  make  the  task  of  distinguishing  between  them  one 
of  greater  difficulty  than  usual.  I  may  add,  however,  that  when 
engaged  on  the  Geological  Survey  in  North  Cumberland  many  years 

*  I  nse  this  term  to  inclade  all  the  red  rocks  between  the  Coal-measures  and 
the  Lias. 
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at;o,  my  colleagues  and  I  had  gradually  learned  from  ezperieiioe, 
tiiat  where  junctions  between  these  formations  occurred,  the  reddiih 
or  i>urple-grey  Carboniferous  tints  were  always  distinguishable  from 
the  more  brick-red  colour  of  the  other  series.  On  the  other  huDd, 
it  was  found  that  there  was  no  hue  distinctive  of  any  particular 
Oarbouiferous  horizon,  and  that  the  position  in  the  series  of  highly- 
coloured  Carboniferous  rocks  in  any  locality  could  be  learned  oulj 
from  the  careful  study  of  that  and  adjacent  districts.^ 

In  the  cliffs  on  each  side  of  the  harbour  at  Whitehaven  there 
is  a  niBHS  of  puq)le-grey  rock,  mainly  sandstone,  which  lies  with 
a  certain  amount  of  unconformity  on  the  beds  beneath.  This 
appearance  of  u  neon  form fty,  visible  to  every  geological  visitor, 
has  necessarily  excited  much  attention,  and  the  affinities  of  tbe 
AVhitehaven  Sandstone,  as  it  has  been  called  for  more  than  Lalf 
a  century,  have  been  much  discussed.  For  as  it  differs  in  colour 
from  the  beds  on  which  it  rests,  and  is  also  somewhat  unconfornuible 
to  them,  it  was  by  the  earlier  writers  generally  classed  with  Uie 
Permian -Triassic  raiher  than  the  Carboniferous  rocks.  For  example, 
I  may  mention  that  the  late  Matthias  Dunn,  in  a  paper  on  the 
Coalfields  of  Cumberland,  publitihed  in  vol.  viii,  Trans.  North  £n^. 
Inst.  Min.  Engineers  (1859-60),  calls  it  the  "  Lower  Red  Sand- 
stone," to  distinguish  it  from  the  Upper  Bed  (or  St  Bees)  Sandstone, 
and  remarks  that  they  are  usually  divided  by  a  bed  of  magnesias 
limestone.  And  as  a  result  of  looking  at  this  and  other  rocks  of 
similar  colour  as  Permian  he  shows  in  the  map  illustrating  bis 
paper,  Permian-Triassic  rocks  spreading  eastward  of  Aspatria  as 
far  southward  as  the  source  of  Shalk  Beck,  and  about  a  mile 
north  of  the  juijction  of  the  Caldbeck  with  the  Caldew.  A  large 
area,  widening  eastward  from  Aspatria  till  it  attains  a  breadth  of 
more  than  three  miles  at  Shalk  Beck  and  the  Cardew,  was  thus 
once  classed  as  Permian-Triassic,  which  is  now  admitted  to  he 
Carboniferous.* 

At  the  present  day,  however,  there  is  no  dispute  as  to  which  of 
the  two  formations  just  mentioned  the  Whitehaven  Stone  belongs. 
Such  differences  of  opinion  as  now  exist  are  as  to  whether  Mr.  J.  l^* 
Kendall  has  or  has  not  satisfactorily  identified  as  Whitehaven 
Sandstone  certain  rocks  at  various  places  in  and  l>eyond  the  limits 
of  the  West  Cumberland  Coalfield.  Mr.  Kendall,  who  has  written 
much  on  this  subject  during  the  past  fifteen  years,  thus  describes 
the  Whitehaven  Sandstone  in  his  latest  paper,  which  was  read 
before  North  of  Eng.  Inst  Min.  and  Mech.  Engineers  in  Octob*r. 
1895,  and  has  since  been  published  in  the  Trans.  Fed.  Inst  Min. 
Engineers.     His  opening  paragraph  is  as  follows  : — 

*  My  own  experience  in  various  parts  of  North  Cumberland  is  given  in  a  short 
paper  **  On  the  distinctive  colours  of  the  Carboniferous  and  Penman  or  Triaanc 
(Poikilitic)  Bocks  of  North  Cumberland  '' :  Trans.  Cumb.  Assoc.,  part  vii  (18dl--)> 
p.  79. 

'  Having  spoken  of  the  sandstone  at  Rosogill,  near  BuIIgill  railway-station,  ta 
"  Whitehaven  Sandstone  **  in  the  paper  on  the  distinctive  colours  of  the  Cjirboniferoo* 
lUdPtemian-Triassic  rocks  alreaoy  mentioned,  it  may  be  well  to  say  that  I  did  so 
^^B)na*s  authority,  not  as  the  result  of  my  own  investigations. 
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*'  In  the  cliffs  along  the  coast  near  Whitehaven,  occurring 
interruptedly  over  the  prolific  Coal- measures,  there  is  a  purple-grey 
arenaceous  rock  known  to  geologists  as  the  Whitehaven  Sandstone. 
It  is  there,  at  least,  170  feet  thick.  The  same  rock,  or  rock  of  the 
same  general  character,  also  occurs  over  other  parts  of  the  coalfield, 
being  sometimes  interbedded  to  a  considerable  extent  with  shale, 
and  attaining  then  an  aggregate  thickness  of  500  or  600  ft.  It  is 
therefore  convenient  to  include  the  whole  of  these  rocks  under  the 
name  of  the  '  Whitehaven  Sandstone  Series.' " 

A  little  farther  on  are  the  following  additional  remarks  on  its 
composition : —  • 

'*  It  will  be  seen  from  these  sections  (Appendix  A)  that  the 
Whitehaven  Sandstone  Series  consists  almost  entii-ely  of  sandstone 
and  shale,  of  a  red,  grey,  or  brown  colour,  as  described  in  the  sections, 
but  the  writer  prefers  to  call  it  purple-grey.  With  these  beds  are 
intercalated,  in  the  lower  part  of  the  series,  rocks  of  the  ordinary 
Coal-measure  colour  and  a  few  thin  coal-seams.  Two  thin  beds  of 
Spirorbis  limestone  have  been  met  with  in  the  series  at  Frizington  Hall, 
and  occasionally,  in  different  parts  of  the  district,  inconstant  beds 
of  conglomerate  appear,  as  in  section  No.  3.  In  the  neighbourhood 
of  Flimby  and  Mary  port,  the  base  of  the  series  is  formed  by  a  thick 
sandstone,  as  seen  in  section  No.  6.  At  Whitehaven,  Cleator  Moor, 
and  Frizington,  the  base-rock  is  variable,  being  in  some  places 
argillaceous,  in  others  arenaceous." 

Mr.  Kendall  remarks  that  in  1883  he  published  a  paper  on  **  The 
Structure  of  the  Cumberland  Coalfield,"  which  *'  for  the  first  time 
dealt  with  the  Whitehaven  Sandstone  Series  over  the  whole  field, 
showing  it  to  be  unconformable  Upper  Coal-measures."  His  object 
in  his  paper  of  last  year  is  to  reply  to  the  objections  of  critics  of 
his  views  with  regard  to  the  Whitehaven  Sandstone,  as  expressed 
in  his  paper  of  1883,  and  to  reassert  them  with  additional  details. 
Incidentally,  he  considers  the  hypothesis  that  the  purple-grey 
Carboniferous  rocks  owe  their  colour  to  Permian  staining,  and  thinks 
that  the  evidence  is  against  it,  and  that  the  colour  is  pre-Permian. 

It  is  obvious  that  a  formation  so  variable  in  thickness  and  com- 
position as  this  "  Whitehaven  Sandstone  Series "  is  (according  to 
Mr.  Kendall)  very  difficult  to  identify  far  from  Whitehaven, 
unless  its  colour  is  almost  unique,  and  its  outcrop  traceable  across 
the  country  so  that  its  unconformity  to  the  other  Carboniferous 
strata  is  thereby  made  manifest  But  the  unconformity  would  be 
shown  in  colliery  workings,  should  the  unconformable  beds  cross 
a  coalfield  in  which  they  cannot  be  traced,  because  the  surface  beds 
consist  of  Glacial  Drift,  as  in  the  present  case. 

In  my  paper,  lately  referred  to,  on  the  distinctive  colours  of  the 
Carboniferous  and  Permian  formations  of  Cumberland,  I  mentioned 
the  Whitehaven  Sandstone  as  occupying  a  position  in  West  Cumber- 
land analogous  to  that  of  the  Hed  Rock  of  Kotherham  in  the  Coalfield 
of  Yorkshire.  Having  worked  a  good  deal  in  the  district  about 
Rotherham  when  engaged  on  the  Geological  Survey  in  that  Coal- 
field, I  am  enabled  to  give  the  following  particulars  about  the  Bed 
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Book.  It  was  found  to  oooupy  an  area  of  about  ten  miles  in  length 
and  usually  from  one  to  two  miles  in  breadth.  It  could  be  traced 
from  place  to  place,  and  its  relations  to  the  ordinary  conformable 
measures  be  thereby  demonstrated.  Its  red  colour  made  it  almost 
unique  in  the  district  in  that  respect,  and  its  lithological  variatioDS 
from  place  to  place  were  slight  and  unimportant 

In  Cumberland,  as  I  have  already  stated,  the  outcrops  of  the 
harder  rocks  of  the  Coal-measures  are  not  traceable,  owing  to  the 
thick  surface-covering  of  Glacial  Drift.  On  the  other  hand,  no  aid 
from  colliery  workings  was  obtainable  in  the  case  of  the  Ked  Rook 
of  Rotherbam,  which  throughout  its  course  remained  geologically 
far  above  the  horizons  in  which  collieries  then  existed.  But  the 
Whitehaven  Sandstone — according  to  Mr.  Kendall — has  an  uncon- 
formity of  much  greater  magnitude,  and  may  be  recognized  from 
Whitehaven,  at  the  south-west,  across  the  whole  area  of  the 
Coalfield  to  and  beyond  its  north-eastern  boundary.  For  on  Lower 
Carboniferous  ground,  about  30  miles  north-east  from  Whitehaven, 
the  Whitehaven  Sandstone  is  still  recognized  by  Mr.  Kendall  in  the 
700  or  800  ft.  of  reddish  or  purple-grey  sandstone  and  shale  seen  in 
Shalk  ^  Beck  at  and  near  Nine  Gills ! 

It  is  obvious  that  the  only  evidence  which  could  demonstrate 
the  truth  of  this  view,  that  the  Whitehaven  Sandstone  is  to  be 
recognized  at  various  spots  from  Whitehaven  to  Shalk  Beck,  is  that 
which  might  be  obtain^ible  from  colliery  workings.  Fortunately  the 
course  taken  by  the  Whitehaven  Sandstone  is — according  to  Mr. 
Kendall — along  the  whole  length  of  the  Coalfield.  Tins  would  be 
a  singular  and  somewhat  improbable  thing  in  itself,  for,  from 
Maryport  eastward,  the  uppermost  beds  of  the  Coal-measures  must 
have  been  very  largely  cut  ofiF  by  the  long  lines  of  fault  which  bring 
in  the  St.  Bees  Sandstone.  Still,  the  evidence  of  a  long  chain  of 
collieries,  each  showing  unconformable  masnes  of  purple-grey  rocks, 
might  enable  us  to  trace  tlie  Whitehaven  Sandstone  from  one  end 
of  the  Coalfield  to  the  other,  and  show  that,  though  lithologically 
variable,  it  yet  formed  a  real  unconformable  series.  But  Mr. 
Kendall  never  appeals  to  evidence  of  unconformity  at  the  base  of 
the  pnrple-grey  rocks  which  he  recognizes  as  Whitehaven  Sandstone 
in  colliery  sections.  And  any  other  evidence  for  the  purpose  of 
showing  that  certain  purple-grey  rocks  belong  to  the  unconformable 
Whitehaven  Sandstone  series  is  manifestly  worthless,  unle^^s  it  can 
be  shown  that  both  in  lithological  character  and  in  colour  the 
Whitehaven  Sandstone  series  is  unique.  But  where  it  can  be  seen 
at  Whitehaven  it  presents  no  special  and  distinguishing  lithological 
peculiarities,  nor  has  it  any  fossils  of  a  special  kind.  ITie  interpst 
attaching  to  it  arises  solely  from  its  apparent  unconformity  to  the 
beds  on  which  it  rests.  As  to  its  colour — rocks  of  a  reddish  or 
purple-grey  tint  may  be  seen  in  North  Cumberland  on  Carboniferous 
horizons  of  every  age,  on  the  Esk.  Line,  Carwinley  Bum,  Hether 
Burn,  and  other  Border  streams,  as  well  as  in  the  Caldew,  Shalk 

^  Shalk  IB  sometimes  written  Chalk  or  Shatck. 
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fieok,  and  other  rivers  of  West  Cumberland.  Again,  the  absence 
of  ooala  of  any  thickness  above  a  certain  horizon  in  the  Coal- 
measures  gives  no  presumption  whatever  tending  to  show  the 
presence  of  unconformable  Whitehaven  8hu() stone.  On  certain 
horizons  in  coalfields  it  is  usual  to  find  few  and  thin  coals,  while 
500  feet  above  or  below  they  may  become  thick  and  numerous.  In 
other  words,  it  is  usual  to  find  alternations  of  conditions  tending  at 
one  time  mainly  to  the  deposition  of  sandstones  and  sandy  shales, 
at  another  of  more  clayey  shales  and  of  coals.  Yet  Mr.  Kendall 
identifies  as  Whitehaven  Sandstone  measures  distinguished  only  by 
purple-grey  colour  and  absence  of  thick  coals. 

Towards  the  conclusion  of  his  paper,  Mr.  Kendall  remarks  that : 
"In  the  area  lying  immediately  to  the  north-east  of  the  Coalfield, 
he  [Mr.  Holmes]  has  coloured  as  belonging  to  the  Millstone  Grit 
and  Carboniferous  Limestone  series,  rocks  which  also  belong  to  the 
Whitehaven  Sandstone  series  or  Upper  Coal-measures." 

It  will  be  noticed  that  Mr.  Kendall  admits  that  the  area  in  question 
is  "north-east  of  the  Coalfield,"  or.  in  other  words,  that  Lower 
Carboniferous  rocks  might  naturally  be  expected  there.  When 
working  in  that  district  I  found  in  Shalk  Beck  an  unusually  good 
series  of  sections,  the  beds  consisting  of  sandstones  and  shales  of 
a  reddish  or  purple-grey  colour,  with  a  high  but  variable  dip  of 
from  15  to  60  degrees,  and  att^iiniiig  a  thickness  of  at  least  700  to 
800  feet.  The  direction  of  their  dip  was  perfectly  normal,  looking 
at  them  as  Lower  Carboniferous  beds ;  and  in  lithological  character 
and  in  colour  they  resembled  the  Lower  Carboniferous  sandstones 
and  shales  that  I  had  been  familiar  with  in  the  district  generally  and 
in  other  localities.  In  short,  I  maintain  that  there  are  no  grounds 
whatever  for  supposing  them  to  be  other  than  ordinary  Lower 
Carboniferous  sandstones  and  shales,  such  as  would  naturally  be 
expected  there.  Yet  Mr.  Kendall,  without  a  single  scrap  of  real 
evidence  in  support  of  his  view,  asks  us  to  consider  these  Shalk 
Beck  beds  as  the  **  Whitehaven  Sandstone  Series,"  which  has  ex- 
panded from  a  thickness  of  170  feet  at  Whitehaven  to  one  of  700 
to  800  feet  thirty  miles  away  I  It  seems  to  me  that  to  admit  so 
gigantic  an  assumption  to  be  a  bare  possibility,  is  to  make  a  very 
handsome  concession  to  Mr.  Kendall.  And  as  the  onus  probandi  falls 
upon  his  shoulders,  I  do  not  envy  him  the  task  of  proving  his  oise. 

It  may  be  worth  while  mentiiming  here,  that  in  1883,  Mr.  Kendall 
published  a  paper  on  "The  Structure  of  the  Cumberland  Coalfield  " 
(Trans.  N.E.  Inst,  vol.  xxxii,  p.  319,  and  vol.  xxxiii,  p.  121), 
maintaining  the  general  conclusions  arrived  at  in  his  latest  con- 
tribution to  the  subject  In  a  short  paper  entitled  "  Notes  on  the 
best  locality  for  Coal  beneath  the  Permian  Kocks  of  North-west 
Cumberland"  (Trans.  Cumb.  and  West.  Assoc.  1883-4),  I  com- 
mented briefly,  inter  alia,  on  Mr.  Kendall's  views  as  regards  the 
Whitehaven  Sandstone,  pointing  out  the  necessity  of  complete 
evidence  of  unconformity,  and  also  that  the  sheet  of  sections  illus- 
trating Mr.  Kendall's  paper  appeared  to  me  to  contradict  his  views. 
Some  remarks  in  reply,  by  Mr.  Kendall,  appear  in  Trans.  Cumb.  and 
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West.  Assoa  1884-5,  and  a  rejoinder  by  myself  in  Trans.  Camb. 
and  West  Assoc.  1885-6. 

In  1891,  a  paper  by  Mr.  William  Brockbank,  F.G.S.,  "  On  tlie 
Occurrence  of  the  Penniaus,  Spirorhit  Limestones,  and  Upper  Goal* 
measures  at  Frizington  Hall,  in  the  Whitehaven  District,"  was  read, 
and  has  since  been  published  in  vol.  iv  (fourth  series),  Mem.  and 
Proc.  Manchester  Lit  and  Phil.  Soc.  Frizington  Hall  is  about  three 
miles  east  of  Whitehaven.  The  paper  consists  of  the  details  of 
a  boring  made  at  Frizington  Hall  by  the  Vivian  Boring  Company 
in  1890-1.  The  Whitehaven  Sandstone  was  pierced  in  this  boring, 
and  its  details  are  of  so  much  interest  that  I  here  give  an  abstract 
of  it  from  Mr.  Brockbank's  paper. 

AfiSTKACT   OF   THB    FrIZINGTOX   HaLL    SbCTIOX. 


Surface  clays         ...         •«.         ...         •••        •«. 

Permian  breccia 

8hales,  chiefly  red,  with  purple  sandstone  

iS/nroi-^ii  limestone  (reddish)         ..  

Purple  sandy  shales 
Conglomerate 

Grey  and  pink  mottled  shaly  sandstones 

8haiy  conglomerate  ...         ...         ••> 

Bed  and  grey  sandstone  and  shale  ...         

Spirorbi*  limestone  ...         ...         .>•         •.. 

Shales  and  marls,  yarionsly  coloured  (sandstone  1ft  6 in.) 
Brassey  coal  ...        ...         ...         .••         ... 

Blue  metal,  with  sandstone,  1  ft 

xyClclX    ••  •••  •••  •••  •••  •••  •••  ••  • 

Metal,  chiefly  blue,  marl  and  flreclay      

V/l*ttl    ••  •••  •••  •••  •••  ••#  ••  •• 

Blue  metal ...         ...         ...         ...  ..•         ... 

Bed  or  reddish  sandstone  and  shale  ...         

Bed  and  purple  sand:^toDe  and  shale  ...         

Consrlomerate         ...         ...         ...  ...         

Bedoish-grey  sandiitone  and  shale  


Thickness. 

Depth. 

ft.  in. 

ft.  in 

22  0 

22  0 

20  0 

42  0 

69  1 

111  1 

3  9 

114  10 

10  8 

125  6 

11  0 

136  6 

6  0 

142  6 

39  1 

181  7 

80  11 

262  6 

1  0 

263  6 

33  10 

297  4 

0  4 

297  8 

18  5 

316  I 

1  0 

317  1 

88  11 

406  0 

1  3 

407  3 

10  8 

417  11 

42  9 

460  8 

69  10 

530  6 

11  10 

642  4 

30  11 

573  3 

Boring  ended. 

Mr.  Brock  bank  remarks  that  the  three  coals  are  in  true  Upper 

Coal-measures,  and  that   he  considers   the  rocks  from  a  depth  of 

460  ft.  8  in.  to  the  bottom  of  the  boring  to  be  the  sandstones  seen 

on  the  coast  at  Whitehaven,  which  they  strongly  resemble.     He 

adds,  that  if  he  be  correct  in  his  identification,  '*  they  thus  beooroe 

Middle  Coal-measure  sandstones  heyond  doubt,  as  they  are  214  feet 

under   the   lowest  Spirorbia  limestone."     And   he  also  states  tha 

though  the  Whitehaven  Sandstone  is  to  be  seen  for  a  considerable 

distance  on  the  coast  where  the  strata  above  it  have  been  denuded 

away,  he  believes  this  is  the  first  time  it  has  been  recorded  where 

its  true  position  in  the  Coal-measures  is  shown.     Mr.  Kendall,  on 

the  other  hand,  claims  the  whole  of  the  beds  below  the  Permian  as 

belonging   to    the    "  Whitehaven   Sandstone  Series."     And    to  Mr. 

Brockbank's  remark  that  the  Whitehaven  sandstones  "  thus  become 

Middle  Coal-meabure  sandstones  beyond  doubt,  as  they  are  214  feet 
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under  tbe  lowest  Spirorhis  limestone,"  Mr.  Kendall  simply  replies — 
'*  But  surely  mere  thickness  of  strata  cannot,  of  itself,  determine 
geological  level." 

It  is  to  be  regretted  that  the  boring  did  not  go  deep  enough  to 
show  us  the  nature  of  the  rooks  on  which  the  Whitehaven  Sandstone 
rests  at  Frizington  Hall,  so  as  to  enable  us  to  note  the  resemblances 
and  differences  in  that  respect  between  that  place  and  the  cliffs  of 
Whitehaven,  and  possibly  obtain  information  as  to  an  increase  or 
decrease  of  the  unconformity  eastward.  A  point  of  interest  in  the 
Frizington  Hall  boring  appears  to  me  to  be  the  way  in  which  the 
section  is  divided  into  zones.  These  consist  of  an  upper  one, 
mainly  sandy,  between  the  Spirorhis  limestones ;  a  middle  one,  in 
which  shales,  fireclay,  and  coals  greatly  predominate ;  and  a  lower, 
in  which  sandy  conditions  again  prevail.  And  we  may  also  note 
that  in  the  upper  sandy  zone  the  colour  is  mostly  reddish  or  reddish 
grey ;  in  the  middle,  or  shaly  zone,  tbe  metals  and  shales  are  mainly 
blue ;  while,  in  the  lower  sandy  zone,  red  and  reddish-grey  tints 
again  appear  almost  exclusively. 

I  have  already  remarked  that  reddish  or  purple-grey  Carboniferous 
rocks  may  be  seen  in  North  Cumberland  on  every  horizon  in  that 
series.  And  this  Frizington  Hall  section  seems  to  me  to  point  to 
the  probable  explanation  of  this  fact,  and  also  to  explain  why  rocks 
80  tinted  are  almost  invariably  either  sandstones  or  sandy  shales. 
It  certainly  gives  a  very  strong  support  to  a  theory  as  to  the  origin 
of  the  purple-grey  colour  of  these  Carboniferous  beds  which  I  must 
confess  to  have  looked  at,  till  lately,  with  some  distrust ;  I  mean 
the  theory  that  the  purple-grey  rocks  have  been  stained  by  the  red 
Permian-Triassic  strata  which  once  wholly  covered  them,  though 
now  so  large  an  area  of  Carboniferous  rook  lies  bare.  The  Permian- 
Triassic  beds  are  highly  unconformable  to  the  Carboniferous,  and 
rest  here  on  lower,  there  on  higher,  members  of  the  older  series. 
Should,  then,  the  older  rocks  owe  their  colour  to  the  newer  formations 
once  resting  upon  them,  it  is  obvious  that  we  may  expect  to  find  that 
tbe  lower  as  well  as  the  higher  Carboniferous  beds  have  been  stained. 
We  may  also  expect  to  find  that  the  rooks  are  stained  or  left  un- 
stained mainly  in  proportion  to  their  permeability  or  impermeability. 
In  other  words,  we  should  expect  to  see  what  we  do  actually  see 
in  this  Frizington  Hall  section,  sandy  zones  coloured  purple-grey 
and  a  clayey  zone  uncoloured.  And  this  is  what  we  may  expect 
elsewhere.  Coal-seams  are  not  likely  to  be  found  in  purple-grey 
rocks,  because  coals  are — as  in  the  Frizington  section — usually  found 
with  clayey,  impermeable  shales  which  are  not  likely  to  be  stained. 
This  section,  too,  is  alone  sufficient  to  refute  the  notion  that  there  is 
any  necessary  connection  between  purple-grey  colour  and  a  certain 
Carboniferous  horizon. 

Another  conclusion  suggested  by  this  Frizington  section  is  that 
as  the  Whitehaven  Sandstone,  though  not  low  down  in  the  Coal- 
measures,  occupies  by  no  means  the  highest  place,  its  unconformity, 
if  considerable,  is  much  more  likely  to  have  been  noted  (did  it 
exist)  in  colliery  workings,  than  would  have  been  the  case  with 
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a  bed  in  the  appermost  strata.  That  the  anoonforroity  has  not  been 
noted,  only  adds  to  the  strong  presumption  that  there  is  none  to 
note,  and  that  instead  of  increasing  in  magnitude  from  Whitehaven 
north-eastward  to  Shalk  Beck  it  does  just  the  reverse. 

Indeed,  it  is  time  that  we  recognized  that  the  magnitude  of  this 
unconformity,  so  certain  to  be  noted  by  all  geologists  because  con* 
spicuous  in  a  sea-cli£f  and  accompanied  by  a  change  of  colour,  in 
a  country  where  natural  sections  are  so  few,  may  have  been 
immensely  exaggerated.  The  Cumberland  Coalfield  is  small  and 
drift-covered,  and  it  is  impossible  from  observations  in  the  field  to 
learn  much  about  the  characteristics  of  its  various  beds.  Even  the 
railway  cuttings  generally  show  nothing  but  Glacial  Drift.  But  if 
we  turn  to  the  Greological  Survey  Memoir  on  the  Yorkshire  Coal- 
field, a  district  practically  free  from  Glacial  Drift,  we  learn  from 
Prof.  Green's  remarks  in  chap,  ii  much  which  illustrates  the  fact 
that  the  circumstances  under  which  the  Coal-measures  were  deposited 
were  such  as  frequently  to  produce  appearances  of  unconformity 
which  are  really  mere  local  erosions.  He  notices,  p.  14,  that  the 
sandstones  are  great  wedge-shaped  banks  which  sometimes,  from 
a  thickness  of  100  ft,  wedge  out  to  nothing  in  a  space  of  half  a  mile 
or  less;  that  they  are  equally  inconstant  in  composition  or  grain, 
a  coarse,  irregularly- bedded  grit  passing  into  a  fine-grained,  laminate*! 
sandstone,  etc. ;  and  remarks  that  these  facts  are  easily  explained 
if  we  suppose  the  sandstones  "  to  have  been  deposited  on  an  uneven 
floor,  in  shallow  water  traversed  by  numerous  and  opposing  currents. 
Their  wedge-shaped  form  may  be  sometimes  due  to  their  being 
banks  piled  up  by  currents  running  now  from  one  and  now  from 
the  opposite  quarter,  and  may  be  sometimes  caused  by  depressions 
in  the  bottom  of  the  water  having  been  filled  in  with  sand." 

Then  we  read  on  p.  24 — **  The  junction  of  a  sandstone  with  the 
overlying  shale  is  often  very  uneven,  as  if  part  of  the  original  sand- 
bank bad  been  cut  away  before  the  sand  began  to  be  deposited.  In 
many  cases,  too,  the  top  of  a  sandstone  is  furrowed  by  branching 
channels,  such  as  would  be  cut  out  by  a  system  of  little  rivulets. 
In  such  a  case  there  can  be  little  doubt  that  the  surface  of  the 
sandstone  bed  was  for  a  time  a  land  surface  traversed  by  streams  of 
running  water." 

The  general  conditions  under  which  the  Coal-measures  of  West 
Cumberland  were  deposited  were  evidently  identical  with  those 
prevailing  during  the  Coal-measure  period  in  Yorkshire,  and  would 
tend  to  produce  similar  results  in  each  district.  It  seems,  therefore, 
UHeful  to  remind  those  interested  in  this  question  both  that  the 
lithological  character  of  Coal-measure  sandstones  is  extremely  liable 
to  vary,  and  also  that  appearances  of  unconformity  in  Coal-measures 
are  peculiarly  liable  to  be  deceptive.  In  the  discussion  which 
followed  the  reading  of  a  paper  by  Mr.  Kendall  **  On  the  Whitehaven 
Sandstone  Series  "  at  the  Geological  Society,  on  February  20,  1895, 
Mr.  Stralian,  of  the  Geological  Survey,  inclined  to  think  that  the 
appearances  in  the  Whitehaven  cliffs  indicated  simply  local  erosion, 
not  uucouformity  of  the  least   importance.     He  also  thought  the 
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parple-grej  colour  dne  to  staining.  My  own  remarks  were  to 
the  effect  that  Mr.  Kendall's  views  could  be  established  only  by 
the  evidence  of  colliery  workings,  and  that  no  such  evidence  was 
forthcoming.  Mr.  Marr  confirmed  the  existence  of  rocks  of  various 
ages  around  the  Lake  District  which  had  been  stained  red.  There 
were  no  other  speakers.  A  brief  abstract  of  Mr.  Kendall's  paper 
is  given.  So  far  as  my  memory  serves  it  was  practically  identical 
with  his  latest  contribution  to  the  subject  See  Quart  Journ. 
Geol.  Soc.,  vol.  li,  part  2  (May,  1895),  p.  235. 

I  would  simply  say,  in  conclusion,  that  the  only  evidence  we 
have  about  the  position  among  the  Coal-measures  of  the  Whitehaven 
Sandstone  is  that  furnished  by  the  Frizington  Hall  boring.  That, 
as  to  whether  the  appearance  of  unconformity  in  the  cliffs  of 
Whitehaven  indicates  an  unconformity  of  any  magnitude  or  merely 
local  erosion  of  no  importance  whatever,  we  have  no  direct 
evidence.  But  that  from  the  frequency  of  cases  of  mere  local 
erosion  in  Coal-measures,  combined  with  the  absence  of  evidence 
of  any  unconformable  series  in  colliery  workings,  it  seems  most 
probable  that  the  unconformity  is  but  slight  and  local.  That  the 
purple-grey  colour  of  Carboniferous  beds  on  every  horizon  is  due 
to  staining,  which  has  affected  the  more  or  less  permeable  strata  and 
left  the  impermeable  unstained.  Consequently  the  presence  of 
a  belt  of  purple-grey  sandstones  and  sandy  shales,  above  an 
unstained  belt  of  clayey  shales  and  coals,  is  simply  evidence  of  the 
coming  in  of  sandy  conditions  and  the  cessation  of  clayey  ones. 
Finally  I  would  remark,  that  when  the  existence  of  a  great  uncon- 
formity at  the  base  of  the  Whitehaven  Sandstone,  increasing  north- 
eastward, is  proved  by  the  evidence  of  colliery  workings,  it  will  be 
time  to  consider  whether  the  classification  of  the  purple-grey  beds 
of  Shalk  Beck  needs  revision.  At  present  it  appears  to  me  that 
Mr.  Kendall's  views  as  to  this  unconformity  and  its  effects  are 
unsupported  by  any  real  evidence,  and  have  no  legitimate  claim  to 
consideration.  It  is  for  him  to  show  that  what  seem  now  to  be  merely 
needless  and  baseless  assumptions  are  founded  upon  solid  grounds.^ 

V. — On  Goxutites  evolutus,  FhillipSj  aud  Nautilus  TUTiuGoyus, 
Phillips  ;    with  a  list  of  the   Species   belonging   to   the 
genus  subclymema, 
By  G.  C.  Crick,  F.G.S.,  of  the  British  Museum  (Natural  History). 

IN  1836,  Prof.  J.  Phillips^  deBcribed  and  figured  from  the  Carbon- 
iferous    Limestone,    Goniatites    evolutus,    and    for    this    species 
D'Orbigny,'  in  1850,  instituted  the  genus  Subclymenia, 

In  1851,  L.-G.  de  Koninck*  described  and  Bgured  his  species 
Nauttlns  OmalianuSy  from  the  Lower  Carboniferous  Limestone  of 
Vi»6,  Belgium,  and  gave  no  synonymy.     In  1880,  the  same  author* 

^  It  may  preTent  possible  misunderstanding  to  state  that  the  foregoing  remarks 
express  simplv  my  own  personal  views. 
^  "  Geol.  "Jorksliire,'^  pt.  ii,  1836,  p.  237,  pi.  xx,  figs.  65-68. 

*  "Prod,  de  Pal^ont.,'^ toI.  i,  1850,  p.  114. 

*  "  Animaux  Fossiles,"  Suppl.,  p.  711,  pi.  Ix,  fijrs.  Za-d. 

*  "Faane  Calc.  Garb,  de  la  Belgique,"  pt.  ii,  p.  b3,  pi.  xl?,  figs.  5,  6  :  Ann.  Mus. 
Boy.  d'Hist.  nat.  de  Belgique,  ser.  Poleont.,  vol.  v. 
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figured  two  Belgian  Bpecimens  which  he  referred  to  Phillips 
evolutiis.  He  adopted  D'Orbigny's  generic  designation,  and  united 
with  this  species  his  previously  described  NaviiluB  OmaUanu, 
Whilst  recognizing  their  generic  affinity.  Prof.  Hyatt*  appears  to 
consider  the  examples  referred  by  De  Eoninck  to  evolutuB  to  be 
specifically  distinct  from  Phillips'  species,  and  for  the  Belgian  form 
proposes  the  name  S,  gibbosa.  He  also  considers  Nautilv$  OmaUanvB 
to  be  specifically,  though  not  generically,  distinct  from  both. 

In  1836,  Prof.  Phillips*  also  described  and  figured  from  tlie 
Carboniferous  Limestone  the  species  Nautilus  ieiragonus,  which  in 
1854  Prof.  Morris'  referred  to  M'Coy's  Diaeitea,*  regarding  the 
latter  as  a  subgenus  of  Nautilus. 

Foord,*  in  1891,  considered  Nautilus  tetraganus,  Phillips,  and 
Nautilus  Omalianusy  De  Koniiick,  to  be  identical ;  and,  referring 
the  species  to  McCoy's  Disdtes,  accepted  De  Koninok's  specific 
name,  remarking  that  "  according  to  the  strict  letter  of  the  law 
of  priority,  Phillips'  name  should  be  adopted  for  this  species,  bnt 
his  description  and  figures  are  so  defective  that  it  would  be  quite 
impossible  to  recognize  the  fossil  thereby." 

Phillips  described  his  Ooniatites  evolutus  as  follows:  ** Volutions 
apparent,  their  section  round  in  young,  oblong  in  old  whorls ;  septa 
with  a  deep,  acute,  dorsal  sinus,  and  obtuse-angled  first  lateral  lobe," 
giving  as  the  locality  "  Flashy,  etc."  Of  the  specimens  which  he 
figured,  the  original  of  figs.  66,  67,  and  68,  is  in  the  York  Museum.* 
Qlie  writer  is  greatly  indebted  to  the  authorities  of  that  Museum  for 
the  loan  of  the  specimen ;  it  is  only  the  internal  cast  of  four  loculi, 
but  a  careful  examination  of  the  fossil  has  enabled  him  to  identify 
with  Phillips'  species  a  splendidly  preserved  example,  now  in  the 
Gilbertson  collection  in  the  British  Museum.' 

Of  Nautilus  tetragonus,  Phillips  gave  the  following  description : 
"  Flat,  discoidal,  whorls  tetragonal,  back  slightly  concave,  with  a 
small  spiral  ridge  within  the  angles ;  striae  bent,  sharp,  rising  into 
plaits  on  the  edges ;  septa  concave  outwardly  ;  (oblique  undulations 
on  the  sides  of  the  cast).  Var,  /3,  inner  edges  rounded  "  ;  and  he 
mentioned  as  localities  "  Kulkeagh  ;  Bolland ;  Northumberland." 
The  description  is  accompanied  by  figures  of  at  least  three  specimens, 
one  of  which  (pi.  xvii,  figs.  26,  27)  is,  however,  doubtfully  referred 
to  this  species. •*     The  writer  has  been  able  to  examine  only  one  of 

*  A.  Hvatt,  **  CarboniferouB  Cephalopods,"  Second  Paper:  4th  Ann.  Rep.  Geol. 
Surv.  Texas,  1892  (1893),  p.  414. 

2  Op.  eit.,  pt.  ii,  1836,  p.  233,  pi.  xxii,  figs.  33,  34 ;  pi.  xvii,  fig.  24  (26?  27? 
in  explanation  of  plate  on  p.  260). 

3  "  Cat.  Brit.  Foss.,"  2nd  ed.,  1854,  p.  309. 

*  F.  M'Coy,  *'  Sj-nop.  Carb.  Foss.  Ireland,"  1844,  p.  17. 
6  *'  Cat.  Foss.  Ceph.  British  Museum."  pt.  ii,  1891,  p.  87. 

^  H.  M.  Platnauer,  *'  List  of  Figured  Specimens  in  York  Museum  "  :  Ann.  Rep. 
Yorks.  Philos.  Soc.  1890,  p.  79.  The  locality  there  given  ("Flaxby")  is  an 
error  ;  Mr.  Platnauer  informs  me  that  it  should  have  been  **  Flashy." 

"  B.M.  Xo.  C.  5336. 

'"  A  specimen  in  the  Gilbertson  collection  in  the  British  Museum  (No.  C.  237f)  is 
belioveci  to  be  this  figured  example.  It  is  but  a  fragment,  and  greatly  resembles 
*''  Naulxlu»  subaulcatutf**  Phillips  (^tsCoelonauttlus  subsulcatua).     It  certainly  does 
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the  other  two  specimens,  viz.  the  original  of  pi.  xvii,  fig.  24,  which 
is  in  the  Gilbertson  collection  in  the  British  Museum  (No.  C.  222) ; 
but  Phillips'  description  seems  to  have  been  based  chiefly  upon  the 
specimen  represented  in  pi.  xvii,  figs.  33,  34,  for  ^g.  33  represents 
the  ''back  slightly  concave,  with  a  small  spiral  ridge  within  the 
angles,"  and  in  fig.  34  are  depicted  the  **  bent,  sharp  striae,  rising 
into  plaits  on  the  edges."  Both  these  characters  are  to  be  seen  in 
well-preserved  specimens  of  Ccelonautilua  quadratus  (Fleming)^ ;  and 
further,  the  section  indicated  in  fig.  33,  as  well  as  the  form  of  the 
septa  given  in  ^g,  34,  agree  so  well  with  these  characters  in 
Fleming's  species,  that  in  all  probability  the  fossil  here  figured  is 
referable  to  this  species;  but  a  definite  opinion  cannot  be  given 
without  an  examination  of  the  specimen.  These  characters,  how- 
ever, are  not  present  in  the  specimen  figured  by  Phillips,  pi.  xvii, 
fig.  24,  which  has  the  test  well  preserved ;  the  transverse  strisB  are 
Bot  nearly  so  much  bent  on  the  lateral  area  as  in  Coshnautilus 
quadratus,  and  further,  over  about  half  of  the  width  of  the  lateral 
area,  and  for  more  than  one-half  of  the  length  of  the  fragment 
figured,  the  transverse  striaa  are  thickened  at  regular  intervals,  so 
that  they  have  the  appearance  of  being  crossed  by  spiral  lines. 
The  sculpture,  in  fact,  is  that  of  Phillips'  *'  Goniatiies^*  evolutus, 
as  exhibited  by  the  specimen  to  be  referred  to  later  on.  The  peri- 
pheral lobe  of  the  suture-line  also  agrees  with  that  of  the  same 
species. 

Again,  the  periphery  in  Caelonantilus  quadratus  bears  a  strong 
ridge  at  about  one-quarter  of  the  width  of  the  peripheral  area  from 
each  angular  margin,  and  in  well-preserved  specimens  there  is 
sometimes  a  much  more  feeble  ridge  about  half-way  between  each 
of  these  strong  ridges  and  the  angular  mnrgin  ;  the  transverse  striaa 
are  also  very  feeble.  But  in  the  specimen  depicted  by  Phillips  as 
Nautilus  tetragonus  in  pi.  xvii,  fig.  24  (probably  Phillips'  var,  fi), 
the  periphery  bears  near  each  margin  about  six  longitudinal  lines, 
which  diminish  in  strength  from  the  angular  margin  inwards ;  and 
the  transverse  striae  are  much  more  pronounced,  an  ornamentation 
agreeing  with  that  of  Phillips'  '*  Goniatites  "  evolutus,  as  exhibited 
by  the  specimen  described  below. 

We  conclude,  then,  that  Phillips'  Nautilus  tetragonus  is  in  part, 
and  only  in  part,  referable  to  that  author  s  **  Goniatites  "  evolutus. 

Upon  this  latter  species,  as  has  already  been  stated,  D'Orbigny  in 
1850  founded  the  genus  Subclymenia ;  still,  several  subsequent  writers' 
have  regarded  the  species  as  a  Goniatite.  Although  not  a  Goniatite, 
but  a  Nautiloid,  the  genus  (Subclymenia)  to  which  it  is  referred  is 

not  agree  with  the  specimen  figured  by  Phillips  in  pi.  xvii,  fig.  24.  The  figure  differs 
in  some  respects  from  the  specimen.  The  penphero-lateral  angles  snould  have 
been  represented  more  obtuse,  and  the  suture-line  with  a  narrower  and  shallower 
sinus  on  the  periphery. 

>  Nautilu9  quadratus,  J.  Fleming,  "Hist.  Brit.  Anim.,"  1828,  p.  231. 

-  J.  Morris,  **  Cat.  Brit.  Foss..'^  2nd  ed.,  1854,  p.  303 ;  G.  Sharman  and  E.  T. 
Xewton,  **  GeoL  N.  Derbvshire,"  2nd  ed.,  1887,  Appendix  1,  p.  182 :  Mem.  Geol. 
Surv. ;  R.  Etheridge,  "Brit.  Foss.,"  vol.  i.  Palaeozoic,  1888,  p.  311;  G.  H. 
Morton^  Proc.  Liverpool  Nat.  Field  Club  for  1894,  p.  23,  1896. 
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regarded  by  Hyatt  ^  as  tlie  highest  type  of  Nantiloidea,  stnoe  wiih  its 

"  ventral  V-shaped  lobe  and  ventral  siphon  "  it  is  "  so  like  OoniaUtet 

tlmt  it  can  be  separated  only  by  its  young  and  the  gradations  of 

forms  which  connect  it  with  certain  well-known  Nautiloids." 

The  original  of  Phillips'  fig.  G6  is  simply  an  internal  cast  of  foor 

loouli ;     there    is    no    trace    of    the   test     It    has   the    following 

dimensions : — 

mm. 
liength       ...         ...         ...         ...        ...        48 

Height  of  whorl  at  anterior  end 22 

Greatest  thicknew         ,,         ,, 19 

AVidth  of  periphery      ,,         ,,     ...        about   12 
Height  of  whorl  at  posterior  end  ...         16*5 

Greatest  thickness         ,,  ,,  ...         15 

Width  of  periphery     ,,  „  about     9 

The  greatest  thickness  of  the  whorl  is  at  about  one-third  of  the 
height  of  the  whorl  from  its  inner  edge.  The  periphery  is  flattened, 
and  has  no  central  channel  such  as  Phillips  represents  in  &g.  67 ; 
the  siphuncle  is  well  l>elow  the  surface,  its  centre  at  the  anterior 
end  of  the  specimen  being  2*75  mm.  from  the  periphery.  Tbe 
peripheral  (or  external)  saddle  of  the  suture-line  is  depicted 
(iig.  68)  much  too  acute ;  the  anterior  part  of  the  specimen  is  here 
broken  a  little^  causing  this  saddle  to  appear  more  acute  than  it 
really  was. 

A  careful  comparison  with  the  type  has  enabled  the  writer  to 
identify  with  this  species  a  small  but  exceedingly  well-preserved 
specimen  (see  accompanying  figures),  now  in  the  Gilbertson  collec- 
tion in  the  British  Museum  (No.  C.  5336),  and  to  characterize 
Phillips'  species  more  fully  than  has  hitherto  been  done.  It  has 
the  following  measurements  : — 

mm. 
Diameter    ...         ...         ...         ...         ...         43 

Height  of  outer  whorl      ...         17 

Width  of  umbilicus  (suture  to  suture)     ...         15*5 

Groatest  thickness...         ...         16 

Width  of  periphery  11 

The  specimen,  which  is  probably  not  quite  complete,  consists  of 
nearly  two  whorls.  There  is  a  large  central  vacuity.  The  first  third 
of  the  first  whorl  is  free.  The  apex  has  unfortunately  been  very 
slightly  chipped  in  clearing  the  specimen  from  the  matrix.  The  firbt 
chamber  is  conical,  a  little  more  than  1  mm.  deep,  and  with  a  ventro- 
dorsal diameter  of  lo  mm.  at  its  anterior  end.  The  free  portion  is 
sub-circular  in  section,  but  at  the  completion  of  the  first  half  whorl 
the  periphery  is  distinctly  flattened  and  3o  ram.  wide,  the  height  or 
ventro-dorsal  diameter  of  the  whorl  here  being  45  mm.,  the  greatest 
thickness  being  at  a  short  distance  from  the  inner  edge.  The 
shell  increases  rather  rapidly,  but  maintains  about  the  same  form  of 
transverse  section. 

Unfortunately  the  free  portion  of  the  fossil  l>ears  only  fragments 
j^dCtlie test.     Near  the  apex  the  whorl  is  crossed  by  transverse  lines 

^^^HhSjjfgtt^  « Fossil  Cephalopoda  in  the  Museum  of  Comparative  Zoology": 
^^^^^^pEi  Amoc.  for  the  advancement  of  Scienco,  vol.  xxxii,  1883,  p.  333. 
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passing  from  the  inner  si<ie  obliquely  bnoktrBrdH  to  tlie  outer,  but  on 
the  seoond  third  of  the  first  whorl  these  transverse  lines  are  orossed 
by  longitudinal  lines,  so  that  the  latter  are  distinctly  crunulated. 
They  cover  the  lat«ral  area,  and  inoreiise  in  strength  as  they  approooh 
the  outer  portion  of  the  whorl.  These  ornaraenta  on  the  lateral 
area  gi-ailually  become  fainter;  at  about  the  middle  of  the  seoond 
whorl  the  transverse  lines  are  muoh  finer,  and  only  a  few  of  the 
longitudinal  lines  remain  near  the  periplieiy,  and  these  are  very 
faint ;  at  the  extremity  of  the  specimen  only  exceedingly  fine  lioeg 
of  growth  are  present. 


I,  lateral  aspect ;  b,  peripheial  aspect ; 


J.  Fhillipa,  ep. 
froot  TJaw  with  the  ant«r  portion  detached, 
itoae:  locelit]' 


ippeara  nsa 

Drawn  from  a  specimea  in  the  Brituh  Miueam  (Xaturd  Hiatorj),  No.  C.  fi33S. 
Jfatunl  !>ue.  (The  epecimen  is  quit«  symmetrical,  although  it  scarcely  appears  lo 
be  so  in  fig.  r^,  owing  probably  to  the  piece  of  matrix  adhering  to  one  side  of  the 
[msU  and  covering  not  only  the  lateral  area  of  the  whorl,  bnt  also  a  narrow  portion 
of  the  periphery.) 

The  omamenta  on  the  periphery  at  the  middle  of  the  first  whorl 
consist  of  about  six  longitudinal  strife  near  each  margin,  diminishing 
in  strength  from  the  angular  margin  inwards,  crossed  by  exceedingly 
fine  transverse  stris,  which  in  passing  from  the  lateral  angles  cross 
the  longitudinal  strin  obliquely  backwards,  becoming  on  the  median 
portion  of  the  periphery  more  pronounced  and  forming  a  wide  deep 
sinus  conoave  forwards.  As  the  shell  increases  in  size,  the  longi- 
tudinal almost  obliterate  the  transverse  lines  ;  while  the  ornaments 
on  the  median  portion  become  very  distinct,  and  are  also  crossed  by 
very  fine,  obscure,  longitudinal  stris.  At  the  extremity  of  the  speci- 
men the  longitudinal  lines  near  the  margins  are  more  pronounced, 
and  tbe  oentral  curved  lines  almost  obliterated.  The  central  area  is 
slightly  raised  above  the  rest  of  tbe  periphery,  and  is  feebly  concave. 

The  first  Buture-iine  is  only  slightly  backwardly  curved  on  the 
periphery,  and  the  three  following  suture-hnes  have  merely  a  very 
shallow,  simply  curved,  peripheral  sinus ;  but  at  the  middle  of  the 
first  whorl  tbe  suture-line  hns  a  distinct  V-shaped  peripheral  lobe, 
and  ig  on  the  whole  almost  similar  to  that  of  tbe  adult  shell. 


41.^  a.  C.  Crhh—Ou  Guiii'ffifcs,  Xautilas,  cfr. 

The   siphuncle   i8   near   the   periphery,   its    centre    being    on^y 
2-75  mm.   from   the   surface,   where    the  whorl  is    13  mm.    high' 
Judging  from  another  specimen,^  the  siphancle  was  more  nearly 
central  in  the  young  shell,  e,g,  where  the  height  of  the  whorl 
only  2*5  mm. 

The  species  may  then  be  characterized  as  follows : — 

Shell  discoidal,  evolute,  rather  rapidly  increasing,  with  a 
central  vacuity ;  greatest  thickness  at  about  one*third  of  the  beigh 
distant  from  the  inner  edge  of  the  whorl,  about  three-eighths  of  th 
diameter  of  the  shell ;  height  of  outer  whorl  rather  more  than  tb 
eighths  of  the  diameter  of  the  shell.    Whorls  at  least  two ;  inclusio 
almost  nil;    umbilicus  shallow,  wide,  nearly  three-eighths   of  th 
diameter  of  the  shell,  its  sides  sloping  and  convex.     Whorl  trancated 
oval  in  section,  a  little  higher  than  wide,  scarcely  impressed  by  th 
preceding  whorl;  periphery  flattened,  the  central  portion  slightl 
raised  above  the  rest  and  feebly  concave,  broad,  about  two-third 
of  the  corresponding  height  of  the  whorl  in  width ;  sides— -cute 
two-thirds    flattened,    very    feebly   convex,    convergent,'  the    res 
strongly  convex  and  continuous  with  the  convex,  relatively  broad 
inner  margin.    Length  of  body-chamber  not  seen.    Chambers  rathea 
shallow,  measured  at  the  middle  of  the  lateral  area  about  three- 
tenths  of  the  corresponding  height  of  the  whorl  apart ;  sature-lin 
with  a  V-shaped  peripheral  lobe,  nearly  as  wide  as  the  periphery 
a  somewhat  broader  external  saddle  situated  on  the  periphero-latera! 
angle,  and  a  single,  wide,  shallow,  lateral  sinus,  but  nearly  straight 
on  the  inner  portion  of  the  whorl,  and  with  a  well-marked  annular  (o: 
internal)  lobe.     Siphuncle  near  the  periphery,  rather  small.    Test 
the  lateral  area  ornamented  with  fine  transverse  striee,  crossed  b 
delicately  crenulated  longitudinal  lines,  both  becoming  finer  in  th 
adult,  the  latter  losing  their  crenulations  and  gradually  disappearin 
first  from  the  inner  portion  of  the  sides,  and  afterwards  from  near  th 
periphery,  leaving  in  the  adult  merely  fine  transverse  delicate  striss  ^ 
the  central  portion  of  the  periphery  with  exceedingly  delicate  back 
wardly-curved    striaB,   crossed   by  very  obscure  longitudinal  lines 
much  coarser  longitudinal  lines    (about  six)    occupying  a  narro 
band  near  each  boundary,  and  diminishing  in  strength  from  th 
angular  margin  inwards. 

Unfortunately  the  locality  of  the  specimen  in  the  Qilbertso 
collection,  which  Phillips  figured  as  Nautilus  tetragonus,  is  not  quit 
certain.     It  is  labelled  **  Northumberland  ?  " 

One  of  Phillips*  types  of  G.  evohUus,  now  in  the  York  Museum, 
came  from  Flaaby,  four  miles  north-west  of  Skipton,  Yorkshire. 
The  species  has  also  been  recorded  from  Chrome  Hill,  Derbyshire;' 
and  from  the  Poolvash  Limestone  in  the  Isle  of  Man.* 

Mr.  G.  H.  Morgan,  F.G.S.,  of  Liverpool,  recorded*  the  species  i 

*  From  Graiff  fawr,  Prestatyn,  Flintshire,  and  kindly  sent  to  me  for  examination 
by  Mr.  G.  H.  Morton,  F.G.S.,  Liverpool. 

*  i.e.  converging  towards  the  plane  of  symmetry  external  to  the  periphery. 
'G.   Sharman  and  E.   T.   Newton,    *'Geol.   N.    Derbyshire,^*  2nd  ed.,  1887, 

Appendix  1,  p.  182:  Mem.  Geol.  Surv. 

*  J.  H.  Camming,  «« Isle  of  Man,'*  1848,  p.  357. 

*  Proc.  Liverpool  Nat.  ¥k\d  Clu\)  Iqi  U^4  (JLS951,  ^.  23. 
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his  Presidential  Address  to  tlie  Liverpool  Naturalists'  Field  Club, 
on  '<  The  Recent  and  Fossil  Flora  and  Fauna  of  the  country  around 
Liverpool/'  and  through  his  kindness  the  writer  has  been  able  to 
examine  the  specimen  there  referred  to.  It  came  itom.  Graig  fawr, 
Prestatyn,  Flintshire. 

Appended  is  a  list  of  the  species  (with  synonyms  and  references) 
belonging  to  the  genus  Subclymenia,  So  far  as  known,  it  is  confined 
to  the  Carboniferous. 

SuBCLTMViaA  BTOLVTA,  J.  PhilUpfl,  Sp. 

1836.     Goniatites  evolutui,  J.  Phillips,  "  Geol.  Yorkshire,"  pt.  ii,  p.  237,  pi.  xi, 
figs.  65-68.     (Flashy,  Yorkshire.) 

1886.  Nautilui  tetragonu*  (pais),  J.  Phillips,  ihid.^  pt.  ii,  p.  233,  pi.  xni,  fig.  24 

(right  and  left-hand  figures) ;  not  pi.  xxii,  figs.  33,  34.     (Northumber- 
land P) 

1843.     GoniatiUa  evolutut,  J.  Morris,  **Cat.  Brit.  Foss.,'*  p.  179. 

1843.     nautilus  telragonus  (pars),  J.  Morris,  ihxd.^  p.  183. 

1848.     Gonialites  evolutua^  J.  H.  Gumming,  **  Isle  of  Man,'*  p.  357. 

1850,  Subclymenia  evoluta,  A.  D'Orbigny,  "  Prod,  de  Pal^ont.,"  vol.  i,  p.  114. 
1864.     Goniatites  evolutus,  J.  Morris,  •*  Cat.  Brit.  Foss.,"  2nd  ed.,  p.  30^. 
1854.     Nautilus  {Diseites)  tetragonus  (pars),  J.  Morris,  ibid.^  2nd  ed.,  p.  309. 
1883.     Subclymenia  evoluta,  A.  Hyatt,  Pruc.  Boston  Soc.  Nat   Hist.,   vol.   xxii, 

p.  293. 

1887.  Goniatites  evolutus,  G.  Sharman  and  E.  T.  Newton,  "  Geol.  N.  Derbyshire," 

2nd  ed.,  app.  1,  p.  182  :  Mem.  Geol.  Surv.     (Chrome  Hill,  Derbyshire.) 

1888.  Goniatites  evolutus,   R.   Etheridge,    "British  Fossils,**   vol.   i.   Palaeozoic, 

p.  311. 
1891.    Diseites  Omalianus  (pars),  A.  H.  Foord,  **  Cat.  Foss.  Ceph.  British  Museum,** 

pt.  ii,  p.  87. 
1893.     Subclymenia  evoluta,  A.  Hyatt,  4th  Ann.  Rep.  Geol.  Surv.  Texas  for  1892, 

p.  414. 
1895.     Goniatites  evolutus^  G.  H.   Morton,  Proc.  Liverpool  Nat.  Field  Club  for 

1894,  p.  23.     (Graig  fawr,  Prestatyn,  FUntshire.) 

Subclymenia  oibbosa,  Hyatt. 

1880.     Subclymenia  evoluta  (pars),  L.-G.  de  Koninck,  '*Faune  Calc.  Carb.  de  la 

Belgioue,**  pt.  ii,  p.  83,  pi.  ilv,  figs.  5,  6 :  Ann.  Mus.  Roy.  d'Hist. 

nat.   ae  Belgique,  s^r  Paleont.,  vol.  v   (not   of   Phillips).      Calcaire 

carbonif^re  (Assise  vi) :  Vise,  Belgium. 
1893.     Subclymenia  gibbosa,  A.  Hyatt,  4th  Ann.  Rep.  Geol.  Surv.  Texas  for  1892, 

p.  414. 

Subclymenia  occulta,  Hyatt. 

1893.     Subclymenia  oceulfa,  A.  Hyatt,  4th  Ann.  Rep.  Geol.  Surv.  Texas  for  1892, 
p.  414.     Calcaire  carbonif5re :  Vise,  Belgium. 

Subclymenia  Omaliana,  De  Koninck,  sp. 

1851.  Nautilus    OmaHanus,   L.-G.  de  Koninck,  **  Descr.  Anim.   Foss.,''  Suppl. 

p.  711,  pi  Ix,  figs.  Sa-d.     Calcaire  carbonif^ro  :  Vis6,  Belgium. 
1880.     Subclymenia  evoluta  (pars),  L.-G.  de  Koninck,  "  Faune  Calc.  Curb,  de  la 

Belgique,**  pt.  ii,  p.  83  (excl.   the   figures)  :  Ann.   Mus.   Roy.  d*Uist. 

nat.  de  Belgique,  ser  Paleont.,  vol.  v. 
1891.     Diseites  Omalianus  (pars),  A.  H.  Foord,  **  Cat.  Foss.  Ceph.  Brit.  Mus.,'* 

pt.  ii,  p.  b7. 
1893.     Subclymenia  Omaliana^  A.  Hyatt,  4th  Ann.  Rep.  Geol.  Surv  Texas  for  1892, 

p.  416. 

Subclymenia  TVillockii,   Haughton,  sp. 

1859.     Nautilus    Willockii,   S.  Haughton,  Nat.    Hist.    Review,    vol.    vi,    p.  507, 
pi.  xxi,  figs.  \a-b.     (Cleenish,  Fermanagh,  Ireland.) 
Although  only  imperfectly  known,  this  species  most  probably  belongs  to  Sub- 
elymenia. 


i\lK^  S.  S.  Btick'tnan — On  Jtiramc  Ammonites. 

VI. — XOTKS   OH    JUBASSIO   AVKOMITKS. 
Bt  S.  S.  Buckmak,  F.G.8. 

rpWO  valuable  pamphlets  on  Jurassic  Ammoniies  lutTe  lately 
1  appeared.  One  of  these  is  entitled  "  Cephalopodes 
nouvcaux  on  peu  connus  des  £tages  jurassiques  de  Normandie, 
pur  Louis  Braiiil.'*  *  This  author,  who  has  paid  very  oonsidenible 
Mild  Kiiceessful  attention  to  the  Jurassic  rocks  in  the  neighbourhood 
of  Caen,  describes  and  figures  (there  are  four  plates)  nineteen  new 
•pH.Mes  of  Annnonites  belonging  to  fourteen  genera,  viz. :  Lytorernf, 
rinjlloceran,  CatuUoceras,  Zurcheria,  Dorsetenna,  Bajoda,  PckUo* 
Morphus,  Hammaioceraa,  Eryeites,  Oppdia^  Cadomoceras,  Strigoefrnt, 
Cofmoceras,  (JEeotyphius,  Of  these  genera  one  is  new,  namely, 
Bojocia,  founded  on  an  unique  specimen ;  and  it  must  be  confessed 
that  the  example  is  sufficiently  distinct  in  every  way  to 
warrant  this  treatment  Although  the  author  does  not  say  »>, 
it  is  evident  the  genus  belongs  to  the  subfamily  SonninisB;  and 
M.  Brasil  practically  ail m its  as  much  when  he  states  that  it  is 
very  near  to  Dorselensia,  He  further  says  that  he  considers  it 
to  be  a  branch  from  Haplopiewoceras,  whose  representatives  have 
lost  not  only  the  two  rows  of  spines,  but  even  the  keel  and  the 
furrows.  We  find  ourselves  unable  to  agree  with  this  opinion, 
because  the  periphery  is  rounded  and  flattened ;  in  our  experience 
the  keel  and  furrows  do  not  disappear  without  leaving  some  trace 
of  their  former  existence  on  the  configuration  of  the  periphery. 
We  agree  with  the  autlior  that  Bajocia  is  near  to  Dor$eiefuna,  and 
wo  are  inclined  to  think  it  is  a  late-surviving  example  of  the  stock 
whence  Dorsetensia  originated,  and  a  **  cousin  **  of  Zurcheria. 

Jienides  the  new  species,  M.  Brasil  is  able  to  give  us  descriptions, 
and  in  some  cases  figures,  of  previously  described  forms;  and  in  all 
this  work  he  adds  to  our  knowledge  of  Jurassic  Ammonites,  and 
deserves  our  thanks. 

We  find  that  M.  Brasil  has  carried  into  effect  a  suggestion  which 
wo  made  a  few  years  ago.  We  wrote  (**  Bajocian  of  the  Sherborne 
District "  :  Q.J.G.S.,  vol.  xlix,  p.  483)  concerning  the  use  of  the 
name  Hu mph ties i anus  for  chronological  purposes — "The  confusion 
concerning  this  specific  name  and  the  large  number  of  species  of 
Stephanocerns  make  this  appellation  very  unsuitable.  It  would  l>e 
desirable  to  apply  the  name  of  a  species  belonging  to  a  less  prolific 
genus."  M.  Brasil  makes  very  similar  remarks  concerning  the 
confusion,  and  then  says  —  **  It  appears  to  us  that  Dorsetensia 
Edotinrdiana  ought  to  replace  Ammonites  Humphriesianus.^*  Whether 
this  will  free  us  from  the  confusion,  or  will  only  introduce  another, 
remains  to  be  seen.  We  remember  that,  unfortunately,  our  own 
identification  of  D.  Edouardiana  has  been  challenged,  whether 
rightly  we  will  not  pretend  to  say,  without  an  extended  comparison 
of  our  specimens  with  the  actual  type,  because,  it  seems  that  the 
figure  is  not  altogether  reliable. 
this  matter  of  draught manship  have  arisen  most  of  the  troubles 
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of  identification,  M.  Brasil  has  attempted  to  diminish  error 
by  the  application  of  photography  to  the  production  of  his  plates. 
Herein  it  seems  to  as  that  the  results  are  not  quite  so  successful 
as  they  should  be,  and  as  they  can  be  made.  From  our  own 
experience  of  photographing  Ammonites  we  can  tell  him  tliat 
ortbochromatic  plates  destroy  all  those  differences  due  to  diverse 
colours  of  the  matrix  or  test,  and  thus  dark  or  light  stains  on  the 
fossils  do  not  give  the  false  suggestiou  of  furrow  or  rib.  We  give 
this  hint  because  we  are  convinced  that  photography,  rightly  applied, 
is  the  medium  for  palseontological  illustration. 

The  other  pamphlet  alluded  to  is  tbe  second  part  of  that 
important  work  by  Dr.  J.  F.  Pompeckj,  entitled  "Beitrage  zu 
einer  Eevision  der  Ammoniten  des  Schwabisohen  Jura."  ^  Two 
genera  are  dealt  with — namely,  Lyioceras  and  Ectoceut rites,  Tbe 
author  notices  that  from  Lytoceras,  as  previously  constituted,  six 
already -named  genera,  of  which  Ectoeentrites  is  one,  may  be  sheared 
off;  and  then  that  Lytoceras  is  divisible  into  three  groups — 1,  of 
L.  fimbriatum;  2,  of  L.  Villa,  Meneghini;  3,  of  L.  articulatumf 
Sow.  In  these  groups  the  author  describes  several  new 
species,  and  gives  important  correction  in  regard  to  others;  for 
instance,  what  we  have  long  had  in  mind  to  do,  the  correction  of 
the  synonymy  of  Lytoc,  cornueopiaf  Young  and  Bird — that  this 
8pecies=L^toc.  Siemensi,  Denckmann, and  is  not  comncopitBy  Wright; 
and  as  we  have  said  before  this,  not  D'Orbigny's.  For  such  work  as 
this  the  author  deserves  our  thanks ;  it  is  most  necessary.  Herein 
we  may  draw  attention  to  one  matter  which  has,  in  connection  with 
other  species,  puzzled  even  English  authors — that  there  were  two 
editions  of  Young  and  Bird's  work,  one  published  in  1822,  the  other 
in  1828,  and  that  tJte  contents  of  the  plates  differ  considerably. 

In  one  matter  we  have  to  correct  Dr.  Pompeckj.  He  speaks  of 
Lytnc.  confusum,  Buckman,  as  not  figured,  and  that  it  may  well  be 
nothing  else  than  Lytoc,  trapeza,  Queiist.  But  it  is  figured,  namely, 
in  18^3,  in  Proc.  of  Dorset  Nat.  Hist.  Field  Club,  vol.  iv,  pi.  iii, 
figs.  1,  2,  along  with  ten  other  new  species.  It  would,  therefore, 
take  precedence  of  trapeza,  if  they  were  the  same:  but  they  are 
not,  as  we  have  stated  in  the  pages  of  this  Journal  (Vol.  IX,  p.  260, 
1892).  They  lived,  too,  at  different  dates — con/nsum  in  the  hemera 
eoncavif  trapeza  two  hemeraa  later  (Sonniniaa).  We  may  remark  that 
at  one  time  the  deposits  of  these  dates  were  all  called  Sowerbyi-zone  ; 
but  the  separation  of  the  concavum-zone  from  the  Sowerbyi-zone  has 
been  pointed  out  some  time. 

YII. — On  Plant  Beds  op  Tkktiaky  Agb  in  British  Columbia. 

By  Geoffrey  F.  Monckton,  Esq. 

IlHE  following  notes  refer  to  the  fossils  found  by  me,  during  the 
last  two  years,  in  the  Tertiary  strata  of  Burrard  Inlet,  British 
Columbia,  and  to  the  enclosing  rocks  themselves.  These  fossils  were 
derived  from  beds  outcropping  within  four  miles  of  the  city  of 
Vancouver.     The  strata  consist  of  sandstones,  mudstones,  shales,  and 

*  Stuttgart.  E.  Schweizerbart*8che  Verlagshandlung,  1896,  pp.  95-178, 
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tbin,  irregular  beds  of  lignite,  of  wbicb  last-named  material  a  typical 
analysis  by  me  gave — fixed  carbon,  86*10 ;  volatile  combastible matter 
41-25;  ash,  15  40;  and  hygroscopic  water,  7'2o  per  cent.  ITie 
li<j;nite  beds  usually  are  only  about  an  inch  in  thickness,  bat  som 
times  they  run  into  pockets  a  foot  or  more  in  depth.  There  has  been 
a  considerable  amount  of  money  spent  in  putting  down  boreholes  in 
this  district  in  search  of  workable  coal*seams,  but,  so  far,  without 
success ;  and  the  opinion  of  the  writer  is  that  no  workable  coal  beds 
exist  tliere,  unless  they  occur  in  the  Cretaceous  beds,  which  are  the 
cortl-bearing  deposits  of  Western  North  America,  and  probably 
underlie  these  strata.  Early  in  1894  I  found  the  bed  from  which  my 
earlier  specimens  were  obtained.  The  lower  part  of  this  contains 
aquatic  plants;  above  these  are  palm-leaves;  and,  again,  above  these 
nnlix,  populus,  and  juglans  (willows,  poplars,  and  hickory).  In  the 
highest  part  of  the  deposit  are  palms  and  a  few  other  leaves.  The 
wiiole  bed  varies  from  four  to  eij>hteen  inches  in  depth,  and  is  under- 
lain by  a  few  inches  of  black  shales,  which  contain  many  leaves  that 
are  for  the  most  part  very  difficult  to  distinguish.  This  shale  thins 
out  in  a  few  yards,  and  it  would  seem  that  the  fossil  bed  runs  out  a 
tlie  same  point  where  the  shale  vanishes.  I  think  that  probabl 
there  existed,  at  the  time  when  these  fossils  were  deposited,  a  cove 
at  tliis  point,  where  the  water  was  slack.  The  second  bed  which  I 
worked  in  produces  fewer  fossils,  but  the  veiniiig  is  much  moie 
distinct.  This  deposit  was  only  found  in  May,  1895.  Where  it  was 
first  opened  the  total  thickness  did  not  exceed  one  inch,  which  con- 
tained leaves  of  angiosperms,  underlain  by  about  one  inch  yielding 
fern-leaves.  Underneath  it  was  a  bed  of  black  shale  two  inches 
thick.  Where  it  is  now  worked  the  upper  part  is  at  least  six  inches 
thick.  It  is  curious  to  note  in  this  deposit  how  at  one  end  the 
hickory  prevails;  in  the  middle,  poplars  and  willows;  and  at  the 
other  end,  poplars  alone  :  which  would  seem  to  point  to  the  fact  that 
tliese  leaves  were  not  carried  any  distance,  but  lie  where  they  fell 
from  trees  overhanging  the  bank. 

I  might  preface  the  description  of  my  fossils  with  some  remarks 
as  to  the  supposed  age  of  these  rocks.  To  the  southward  is  a  region 
covered  with  strata  which  are  of  the  same  age,  and  are  now  generally 
supposed  to  be  Eocene,  and  compared  to  the  Upper  Laramie.  The 
Ijaramie  formation  is  to  be  adjudged  as  belonging  to  the  Eocene,  if  its 
age  be  determined  by  the  fossil  leaves  which  it  contains.  It  is  identi- 
fied, however,  by  its  saurian  remains,  and  also  by  the  occurrence  of 
some  mollusks  with  the  Cretaceous.  It  passes  down  into  the  Creta- 
ceous without  any  stratigraphical  break,  while  the  overlying  Tertiary 
are,  as  a  rule,  unconformable  to  it.  Heer  classed  it  as  Miocene, 
Lesquerenx  partly  as  Eocene  and  partly  as  Miocene,  while  Clarence 
King  referred  part  of  it  to  the  Cretaceous.  It  has  recently  been 
found  to  underlie  Miocene  beds,  which  would  seem  to  stamp  the 
upper  part  as  Eocene. 

Some  of  the  species  found  point  to  a  considerably  warmer  climate 
than  that  which  now  prevails  at  Burrard  Inlet,  which  resembles  the 
south  of  England,  although  others  are  very  similar  to  plants  which 
grow  there  at  the  presenl  Uu\e, 
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One  of  the  most  commoD  forms  found  has  been  the  leaf  of  a  Sabal^ 
which  has  been  referred  by  Sir  J.  W.  Dawson  to  Sahal  CamphelUi. 
llie  specimens  submitted  to  him  show  about  twelve  parallel  veins  on 
each  slope  of  the  folds,  at  six  inches  from  the  base  of  the  leaf.  One 
fragment  is  apparently  a  portion  of  a  leaf  five  feet  in  diameter. 
There  are  also  fragments  which  indicate  a  pinnate  palm-leaf  referred 
to  Manicaria. 

PopuluB  bahaminoides  occurs  very  frequently.  Although  Sir  J.  W. 
Dawson  has  referred  some  leaves  to  this  species,  he  points  out  tliat 
they  do  not  possess  the  serrated  edges  peculiar  to  it.  These  leaves 
are  often  six  inches  across.  Of  willows,  Salix  integra  and  Salix 
varians  are  common ;  but  the  venation  of  these  leaves  is  usually 
very  indistinct,  although  one  or  two  specimens  which  have  been 
obtained  show  it  very  clearly. 

Platanus  is  represented  by  a  few  large  leaves.  These  are  very 
common  in  the  Laramie  strata,  which  cover  much  of  the  interior 
of  British  Columbia.  One  specimen  of  ^sctUua  has  been  found 
by  me,  and  Sir  J.  W.  Dawson  has  named  it  MsctdophyVum 
HasiingsenBe,  The  specimen  is  not  very  distinctly  defined.  The 
bases  of  .seven  leaves  which  are  articulated  to  a  common  petiole  are 
Bhown. 

In  some  places  the  leaves  of  the  hickory  occur  in  great  profusion, 
and  have  been  named  Juglana  denticnlata.  The  same  species  occurs 
in  the  Eocene  of  Greenland.  A  fruit  which  was  first  discovered  by 
Mr.  Hill  Tout,  of  Vancouver,  and  was  afterwards  found  by  the  writer, 
has  been  named  provisionally  Carex  Burrardianus.  Leaves  of  the 
genus  Carex  have  previously  been  found  in  this  district.  Several 
leaves  referred  to  Quercua  are  found  in  the  beds.  A  very  large 
number  of  specimens  of  the  fern  Lygodium  neuropteroidea  occurs, 
some  la^'ers  being  composed  entirely  of  these.  Among  others,  Ficua 
Shaatenaia  (Lesq.),  F.  Condorii  (Newberry),  Quercua  Evanaii  (Lesq.), 
Sequoia  apinoaa  (Newberry),  and  Dryophyllum,  are  found.  Impres- 
Bions  of  a  matted  growth  of  aquatic  plants  occur  at  one  point 

I  had  prepared  a  number  of  tracings  from  drawings  of  specimens 
in  my  collection  to  illustrate  these  notes.^  The  specimens  are  named 
by  Sir  J.  W.  Dawson,  but  some  are  not  yet  identified. 

The  strike  of  the  beds  from  which  the  fossils  were  taken  is  very 
irregular,  but  is  roughly  S.W.  and  N.E.,  the  dip  being  about  18° 
to  the  S.E.,  which  would  seem,  so  far  as  my  explorations  have  yet 
gone,  to  bear  some  relation  to  basalt  dikes,  the  trend  of  which  is 
along  the  line  of  strike. 

In  conclusion,  I  may  say  that  there  has  been  but  very  little  work 
done  on  these  beds,  the  workers  being  very  few  in  number;  and  we 
should  be  glad  to  have  the  co-operation  of  others.  Some  of  my 
specimens  have  been  described  and  figured  by  Sir  William  Dawson 
in  a  paper  on  collections  of  "Tertiary  Plants  from  the  vicinity  of  the 
City  of  Vancouver,  B.C.":  Trans.  Roy.  Soc.  Canada  (1895-6), 
vol.  I,  sec.  iv,  p.  137. 

*  These  tracings  (in  the  absence  of  the  original  specimens)  were  not  deemed 
sufficient  to  enable  the  artist  to  prepare  a  plate  by ;  they  have  therefore  not  been 
used  to  illustrate  the  paper.— Edit.  Geol.  Mao. 
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YIII. — On  the  Occttbrknok  of  the  Gknus  Listracanthus  ih  tbi 

English  Coal-measubbs. 

By    Herbbbt    Boltojt,    F.R.S.E., 
AseUtant  Keeper,  Manchester  Museum,  Owens  College. 

DURING  the  last  few  months  two  spines,  or  lohthyodoniHtee, 
belonging  to  the  genus  Listracanthus,  have  oome  under  my 
obseryation.  Since  both  are  well-preserved  specimens,  and  not 
hitherto  recorded  from  the  English  Coal-measures,  some  informatton 
as  to  their  appearance  and  stratigraphical  position  may  be  of  interest. 

The  genus  Listracanthu  was  formed  by  Newberry  and  Worthen* 
in  1870  to  include  small  spines  found  in  the  Goal-measures  of 
Illinois.  These  spines  are  small  flattened  structures,  curved  back- 
wards, and  with  the  sides  orAamented  by  longitudinal  ridges. 
The  convex  and  concave  margins  are  provided  with  acute  spiny 
denticles. 

Newberry  and  Worthen  described  only  one  species,  L.  hyitrix 
(torn,  cit.,  p.  372,  pi.  ii,  figs.  3,  3a),  to  which  L,  Hildrethi  was 
subsequently  added  by  Newberry '  from  the  Coal-measures  of  Ohio, 
and  L.  Beyriehi^  by  A.  von  Eonen  from  the  Coal-measures  of 
Herbom,  Nassau.  An  undescribed  species  is  also  recorded  by 
A.  Smith  Woodward*  from  the  Calciferous  Sandstone  of  East 
Kilbride,  Lanarkshire;  while  others  from  the  Upper  Carboniferoas 
Limestone  Series  of  Belgium  are  noted  by  L.  G.  de  Eoninck.' 

The  larger  of  the  two  Jjancashire  specimens  was  found  by  me 
amongst  the  geological  collections  of  the  Royal  Museum,  Peel  Park, 
Salford,  when  I  was  engaged  upon  their  rearrangement.  Although 
unlabelled,  it  fortunately  happens  that  the  spine  lies  upon  the 
broken  surface  of  an  ironstone  nodule,  and  is  associated  with 
Goniatites  Li$teri,  G.  atratua,  Aviculopecten  papyraceus,  and  numerous 
small  ostracods.  Ironstone  nodules  of  this  character  are  restricted 
in  the  Lancashire  Coalfield  to  the  roof  of  the  Bullion  or  Upper  Foot 
Mine  of  the  Lower  Coal-measures ;  hence  the  horizon  of  the  specimen 
can  be  exactly  determined.  The  second  and  smaller  specimen  is  the 
property  of  Mr.  Robert  Cairns,  of  Ashton-under-Lyne,  and  was 
obtained  by  him  from  the  marine  band  of  the  Middle  Coal-measures 
in  the  River  Tame  at  Dukinfield.  It  is  enclosed  in  a  nodule  of 
earthy  ironstone,  and  is  unaccompanied  by  other  fossils.  I  remember 
finding  a  third  specimen  ten  years  ago  in  the  shales  overlying  the 
Bullion  Coal  of  the  Lower  Coal-measures  of  Bacup,  but  it  has  sinoe 
been  lost 

Both  the  specimens  now  to  be  descnbed  differ  from  the  three 
species  hitherto  defined,  as  well  as  from  one  another,  but  it  is  perhaps 
hardly  justifiable  to  found  a  species  upon  the  smaller  specimen. 

>  **Pal.  Illinois,"  vol.  iv,  1870,  p.  371. 

'  Rep.  Geol.  Surv.  Ohio,  vol.  ii,  pt.  2,  1875,  p.  66,  pi.  lix,  fig.  6. 

^  Xeues  Jahrb.  1879,  p.  341,  pi.  vii,  fig.  1. 

*  Catal.  Foss.  Pishes,  B.M.,  pt.  2,  1891,  p.  149. 

»  **  Faune  Calc.  Carbf.  Belg.,"  pt.  1,  1878,  p.  75,  pi.  v,  fig.  11. 
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Desoription  of  Specimens. 

1.  LtatraeantkuB  BptnaiuB,  sp.n. 

DiagnoBiB, — Spine  small,  not  exceeding  19  ram.  in  length,  gently 
archetl,  sides  flat,  with  seven  longitudinal  ridges,  the  convex  and 
concave  margins  bearing  acute  spine-like  denticles.  The  denticles 
of  the  convex  margin  few  in  number  and  placed  at  equal  distances 
apart,  these  pointing  a  little  forwards  and  upwards,  and  the  angle 
which  they  make  with  the  margin  being  not  more  than  ten  degrees. 
Only  three  denticles  shown,  but  a  fourth  probably  given  off  just 
above  the  broken  upper  edge.  The  first  lateral  ridge  directly  pro- 
longed into  the  lowest  denticle  of  the  convex  margin,  the  second 
ridge  giving  origin  to  the  second  and  third  denticles,  and  probably 
continuing  upwards  to  a  fourth  (though  a  slight  dislocation  of  the 
spine  at  this  point  prevents  a  clear  determination).  The  denticles  of 
the  concave  margin  larger,  stronger,  and  more  numerous  than  those 
of  the  convex  margin,  and  directed  outwards  at  an  angle  fully  double 
that  of  the  latter.  A  cluster  of  five  spines  placed  at  the  base,  in 
fan-fashion,  the  margin  spreading  out  between  them  like  a  web. 


Ltstbacantuus  8PINATXJ8,  sp.ii.    LowcF  Coal-measuTes,  Lancashire. 

Above  the  cluster  are  nine  others  at  increasing  distances  apart. 
The  lateral  longitudinal  ribs  seven  in  number  at  the  base,  but 
only  four  continuing  up  to  the  broken  apex,  the  remaining  three 
running  out  into  the  denticles;  all  showing  traces  of  slight  nodular 
enlargements.  ^ 

ObservatiatiB.  —  The  species  thus  described  differs  in  several 
respects  from  all  the  known  species,  and  is  well  characterized  by 
the  differences  of  the  denticles  of  the  concave  and  convex  margins, 
the  slight  nodulation  of  the  lateral  longitudinal  ridges,  and  the 
fan-like  expansion  of  spines  at  the  base  of  the  concave  margin. 

horizon, — Hoof  of  Bullion  Mine,  Lower  Coal-measures. 

Locality. — Lancashire. 

Type  in  the  Royal  Museum,  Peel  Park,  Salford. 

2.  LtBtracanthuSj  sp.  indet. 

DeBcription.  —  Spine  small,  not  exceeding  11  mm.  in  length, 
arched,  sides  flat,  with  nine  longitudinal  ribs.  Concave  margin 
only  bearing  denticles,  which  are  small,  about  twelve  in  number, 
and  closely  set.  ^Convex  margin  entire. 

06»6rf;a(fow«.  — This  specimen  differs  in  several  important  features 
from  ListracanthuB  BpinatuB,  It  is  shorter,  more  arched,  and  broa«ler 
in  comparison  to  the  length,  whilst  only  the  concave  margin  bears 
denticles.  So  little  is  known  of  the  nature  and  position  of  the 
two  spines,  that  it  may  possibly  be  that  the  differences  between 
them  are  only  due  to  the  position  they  occupied  upon  the  body, 
and  not  to  specific  difference.     Against  this  view  must    be  placed 
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the  faot  that  one  spine  belongs  to  the  Lower  and  the  other  to  the 
Middle  Coal-measures. 

Horizon  and  Locality, — Marine  band,  Middle  Coal-measures,  Biver 
Tame,  Dukinfield. 

In  conclusion,  I  desire  to  record  my  indebtedness  to  Mr.  A.  Smith 
Woodward,  who  first  recognized  the  specimens  as  belonging  to  the 
genus  Lisiracanthus, 

I^  E  ^V^  I  E  •W'  S- 


I. — The  Soenkry  of  Switzerland  and  the  Causes  to  which  it 
IS  DUB.  By  the  Right  Hon.  Sir  John  Lubbock,  Bart,  M.P., 
F.R.S.,  D.C.L.,  LL.D.,  F.G.S.  8vo,  pp.  xxxvi  and  474,  with 
154  illustrations  in  the  text  and  one  folding  map  of  Switzerland. 
London  :  Macmillan  and  Co.  (Limited),  1896. 

THIS  book,  which  was  issued  in  Jul}'  last,  will  have  already  foand 
its  way  into  many  an  Alpine  touribt*8  knapsack,  and  been  read 
with  pleasure  in  railway-train,  or  steam-boat,  and  in  many  a  Swiss 
hotel  and  chalet,  by  mountain  and  lake. 

Its  author's  varied  writings  are  already  agreeably  known  to  and 
welcomed  by  many  thousands  of  our  fellow-countrymen,  both  here 
and  in  greater  England  beyond  the  seas. 

Whatever  subject  Sir  John  Lubbock  takes  up,  he  has  the  facility 
to  communicate  the  results  of  his  studies,  his  readings,  and  his 
observations,  in  an  agreeable  form  to  the  public  at  large,  who  are 
only  too  delighted  to  be  told  facts  in  natural  history,  geology,  or 
physical  geography  in  clear  and  simple  language,  so  that  the  reader 
need  not  fear  to  be  carried  beyond  his  depth  by  a  too  learned 
treatise,  or  told  mere  second-hand  twaddle  by  an  incompetent  hut 
too  officious  guide. 

Sir  John  Lubbock  is  no  mere  tyro  as  a  travelling  companion  to 
the  Swiss  Alps.  He  tells  us,  that  as  long  ago  as  1861,  he  had  the 
pleasure  of  spending  a  short  summer  holiday  in  Switzerland  with 
Huxley  and  Tyndall,  and  that  from  that  day  to  this  many  of  his 
holidays  have  been  spent  iu  the  Alps.  *'  On  them,"  he  adds,  **  I  have 
enjoyed  many  and   many  delightful   days;   to  them  I  owe   much 

health  and  happiness My  attention  was  from  the  first  directed 

to  the  interesting  problems  presented  by  the  physical  geography 
of  the  country.  I  longed  to  know  what  forces  had  raised  the 
mountains,  had  hollowed  out  the  lakes,  and  directed  the  rivers." 

The  author  read  much  of  what  has  been  written  about  them  ; 
but,  like  all  students,  he  wanted  some  book  which  should  give  him 
a  short,  comprehensive  statement  of  the  views  of  the  various  great 
authorities  who  had  devoted  their  lives  to  the  unravelling  of  the  vast 
problems  of  the  structure  of  the  Alps,  which  might  be  useful  to  those 
travelling  in  Switzerland ;  but  no  such  handy  book  was  available. 

At  last,  after  much  hesitation.  Sir  John  Lubbock  resolved  to  write 
such  a  work  as  he  had  himself  felt  the  need  of  in  the  past, 
and  so  set  to  work,  aided  by  such  valuable  help  as  could  be  obtained 
from  Professor  Heim,  Sir  John  Evans,  and  others,  and  by  making 
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carefnl  studies  of  all  the  literature  available,  he  has  given  to  the 
inquiring  Briton,  who,  bent  on  spending  his  summer  holidays  in 
a  clamt>er  over  glaciers  and  snowfields  to  reach  some  lofty  peak,  is 
curious  to  know  how  the  mountains  were  brought  forth,  and  how 
the  hills  and  the  dry  land  were  formed.  For  such  this  book  will  be 
a  most  acceptable  offering ;  replete  as  it  is  with  keys  to  unlock  the 
ii^Ai^y  geological  puzzles  which  the  Alps  afford.  Nor  need  he  be 
surprised  to  find  that  more  than  a  hundred  able  and  accomplished 
men  of  science  in  England,  France,  Germany,  Austria,  Switzerland, 
and  Italy  have  laboured  to  provide  the  plans  and  explanations,  the  pith 
of  which  Sir  John  Lubbock  has  given  us  in  a  condensed  form  in  the 
little  book  before  us.  In  concluding  his  task,  the  author  thus 
summarizes  the  causes  which  have  led  to  the  present  scenery  of 
Switzerland. 

"In  Permian  times  there  were  probably  mountains  where  the 
Alps  now  rise,  but  this  ancient  range  was  gradually  removed  by 
denudation ;  moreover,  the  land  sank,  and  during  the  Permian, 
Liassic,  Jurassic,  and  Cretaceous  periods,  there  was  deep  sea  where 
the  Alps  now  rise.  There  were  certainly  great  changes  of  level, 
but  they  were  all  continental,  and  that  is  to  say,  they  were  approxi- 
mately the  same  for  the  whole  area ;  there  was  no  compression  and 
no  folding. 

"That  the  sea  during  this  period  must  have  covered  the  site  of 
the  present  Alps,  is  proved  (I)  by  the  fact  that  we  find  no  trace  of 
its  southern  shores,  no  littoral  deposits.  If  the  Alps  had  then 
existed,  pebbles,  etc.,  from  them  must  have  been  found  in  the 
Liassic,  Jurassic,  and  the  Cretaceous  rocks.  This  is  not  the  case  : 
indeed,  these  rocks  contain  no  pebbles  of  any  kind,  and  the  fossils 
in  them  are  all  indicative  of  deep  water  far  away  from  land. 
There  are  no  conglomerates  or  gravel  beds  between  the  Permian 
and  the  Upper  Eocene.  Again,  (2)  we  find  remains  of  the  secondary 
strata  protected  in  the  troughs  of  the  folds.  These  sedimentary 
deposits  therefore  extended  completely  over  the  site  of  the  present 
mountains,  and  though  no  extensive  remains  of  these  deposits  now 
eccur  in  the  Central  Alps,  this  is  because  they  have  been  entirely 
stripped  away. 

"  The  elevation  of  the  country  is  due,  not  to  upheaval  from  below, 
but  to  lateral  pressure  owing  to  the  cooling  and  consequent  con- 
traction of  the  earth.  It  has  been  calculated  that  the  strata  between 
Basle  and  Milan,  a  distance  of  about  130  miles,  would,  if  extended 
horizontally,  occupy  200  miles.  There  has  consequently  been  a 
shortening  of  no  less  than  70  miles. 

"  For  some  time  the  central  ranges  alone  were  above  water,  and 
the  mountain  torrents  brought  down  gravel  and  boulders,  forming 
the  *  Nagelflue '  of  the  Kigi  and  the  central  plains. 

"  The  Alps,  therefore,  from  a  geological  point  of  view,  are  very 
recent.  Our  Welsh  hills,  though  comparatively  speaking  insignifi- 
cant, are  far  more  ancient.  They  had  been  mountains  for  ages  and 
ages  before  the  materials  which  now  compose  the  Rigi  or  the 
Piiatus  were  deposited  at  the  bottom  of  the  sea.     Indeed,  we  may 
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say  that  it  is  because  they  are  so  old  that  they  have  been  bo  ntidb 
worn  down  ;  the  Alps  themselves  are  crumbling,  and  being  washed 
away ;  and  if  no  fresh  elevation  takes  place,  the  time  will  oome 
when  they  will  be  no  loftier  than  Snowdon  or  Helvellyn. 

"  They  have  already  undergone  enormous  denudation,  and  it  bM 
been  shown  that  from  the  summit  of  Mont  Blano  some  10,000  to  12,000 
feet  of  strata  have  been  already  removed.  The  conglomerates  of 
Central  Switzerland,  the  gravels  and  sands  of  the  Rhine  and  tbe 
Khone,  the  Danube  and  the  Po,  the  plains  of  Dobrudscha,  of 
Lomhardy,  of  South  France,  of  Belgium  and  Holland,  once  formed 
the  summits  of  Swiss  mountains.  This  amount  of  denudation  gives  as, 
I  will  not  say  a  measure,  but  at  any  rate  a  vivid  idea  of  the  immense 
time  that  must  have  elapsed  since  the  Alps  rose  out  of  the  sea. 

''  Denudation  began  as  soon  as  the  land  rose  above  the  sea ;  the 
main  river  valleys  were  excavated.  Then  came  the  period  of  cold 
known  as  the  Ice  Age  or  Glacial  period. 

"  Round  all  the  high  mountains,  and  over  many  of  them,  are 
great  fields  of  ice  and  snow,  terminating  in  glaciers.  These,  ho\^- 
ever,  are  but  the  remnants  of  a  much  larger  sea  of  ice  which  oooe 
covered  almost  the  whole  country.  Tlie  glacier  of  the  Rhone,  for 
instance,  descended  the  Valais,  filled  the  Lake  of  Oeneva,  rose  to 
what  is  now  a  height  of  1350  metres  on  the  Jura,  and  then  dividing, 
sent  one  branch  as  far  as  Lyons,  and  a  second  along  the  Aar  to 
Waldshut.  The  Glacial  period,  however,  was  not  continuous,  but 
interrupted  by  at  least  two  periods  of  more  genial  climate,  l^e 
mass  of  material  brought  down  from  the  mountains  partially  filled 
the  river  valleys  (which  have  not  even  yet  been  entirely  re-excavated), 
formed  great  moraines,  and  is  spread  in  thick  but  irregular  masses 
over  all  the  lower  ground. 

**  The  rivers  of  Switzerland  run  mainly  in  one  of  two  directions— 
the  first  from  south-west  to  north-east,  or  vice  versd,  following  the 
strike  and  original  folds  of  the  strata ;  and  the  second  at  right  angles 
to  it.  Many,  indeed  most,  of  the  principal  rivers,  take  first  the  one 
and  then  the  other  direction  in  different  parts  of  their  course.  In 
some  cases  the  rivers  cut  through  mountain  ranges,  as,  for  instance; 
the  Rhone  between  Martigny  and  the  Lake  of  Geneva.  This 
probably  indicates  that  the  river  is  older  than  the  mountain  range, 
and  cut  through  it  as  it  rose. 

"The  river  system  of  Switzerland  was,  however,  at  fii-st  very 
different  from  the  present.  The  Vosges  and  the  Black  Forest  were 
continuous,  the  subsidence  which  now  separates  them  not  having  yet 
taken  place,  so  that  the  Rhine  Valley  at  Basle  was  not  in  existence. 

"  Nor  had  the  gorges  by  which  the  Rhone  finds  its  exit  through 
the  Vuache  yet  been  formed,  and  the  consequence  was  that  the 
whole  drainage  of  Switzerland  north  of  the  Alps  found  its  way  by 
the  Danube  to  the  Black  Sea.  For  some  time  after  the  subsidence 
of  the  Basle  Valley  had  taken  place  the  upper  waters  of  the  Rhone 
still  joined  the  Rhine,  and  ran  over  the  plains  of  Germany  to  the 
North  Sea ;  finally,  however,  it  broke  its  way  by  Fort  de  L'EcIuse, 
and  falling  into  the  Saone  runs  into  the  Mediterranean.    Another 
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general  change  in  the  river  system  is  that  the  crest  of  the  Alps  has 
retreated  northwards.  The  southern  slope  being  much  steeper  than 
that  to  the  north,  the  Italian  rivers  have  more  power  of  erosion  than 
their  northern  rivals,  and  are  gradually  eating  their  way  back.  The 
Upper  Engadiue  is  a  conspicuous  example. 

"  Many  minor  changes  have  taken  place :  partly  (1)  through  recent 
changes  of  level,  as,  for  instance,  that  which  has  diverted  the  Reuss 
from  its  old  course  by  the  Lake  of  Zug,  and  driven  it  round  by 
Lucerne ;  partly  (2)  by  rival  rivers  deepening  and  extending  their 
valleys,  and  thus  annexing  territoi-y  which  previously  belonged  to 
others ;  for  instance,  the  Landquart  has  robbed  the  Landwasser  of 
its  head  waters  and  carried  off  the  Schlappina,  the  Vereina,  and  the 
Sardasca ;  partly  (3)  by  dams  due  to  river  cones  or  glacial  moraines, 
as,  for  instance,  the  Limmat,  which  W£m  driven  from  the  Glatthal  and 
the  Sihl  from  the  Valley  of  the  Lake  of  Zurich. 

"  The  lakes  which  contribute  so  much  to  the  beauty  of  the  country 
fall  into  several  different  categories. 

"  1.  Some  ai*e  due  to  the  inequalities  in  the  glacial  deposits  ;  as  the 
namerous  small  pieces  of  water  in  the  curious  district  of  the  Pays 
de  Dombes. 

*'  2.  Some  are  due  to  subsidence ;  strata,  generally  those  of 
gypsum  or  salt, having  been  dissolved  and  removed;  as,  for  instance, 
the  lakes  of  Cadagno  and  Tremorgia. 

"  3.  Some  are  dammed  back  by  river  cones,  as  the  lakes  of  the 
Upper  Engadine;  or  by  moraines,  as  the  lakes  of  Sempach,  Baldeggar, 
and  Ilallwyl. 

"  4.  The  origin  of  the  larger  Swiss  lakes  has  been  the  subject  of 
much  discussion.  The  opinion  now  prevalent  among  Swiss  geologists 
is  that  they  are  mainly  due  to  recent  changes  of  level,  and  are  in 
fact  drowned  river  valleys. 

"  Even  more  striking  than  the  exquisite  beauty  of  the  lakes  is  the 
grandeur  of  the  history  they  unfold,  and  of  the  causes  to  which  they 
are  due ;  and,  indeed,  in  contemplating  the  general  scenery  of 
Switzerland,  we  cannot  but  be  profoundly  impressed  by  the  enormous 
magnitude  of  the  changes,  and  the  irresistible  forces  which  have 
been  brought  into  operation." 

We  have  been  tempted  to  quote  perhaps  too  largely  from  this  very 
interesting  summary.  To  those  who  are  attracted  by  this  notice 
we  would  say,  "  Get  the  book  and  read  it  for  yourselves.'*  It  is  just 
of  a  handy  size  to  put  into  one's  haversack  and  take  as  a  useful 
companion  to  Switzerland.  The  illustrations  are  very  numerous, 
and  many  of  them  are  excellent  from  a  geologist's  point  of  view. 


II. — EssAi  DE  PALfcoNTOLOGiE  Philosophique.  By  Professor 
Albkbt  Gaudry,  Memb.  Inst.  France,  For.  Memb.  Geol.  Soc. 
London.     Paris,  1896.     (Dulau  and  Co.,  London.) 

I^HIS  volume  forms  a  supplement  to  the  distinguished  author's 
well-known  work  "Enchainements  du  Monde  Animal  dans  les 
Temps  Geologiques" :  in  it  the  facts  and  arguments  brought  forward 
i&  bis  previous  volumes  are  correlated,  and  an  attempt  is  made  to 
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fvire  a  general  idea  of  the  course  followed  in  the  eTolntion  of  the 
animal  kingdom  from  the  earliest  times  to  the  present  day. 

This  progressive  advance  is  compared  by  the  author  to  the  changn 
passed  through  in  the  development  of  an  individual  man,  and  in 
the  successive  chapters  of  his  work  he  considers  (1)  the  multiplica- 
tion of  beings,  (2)  their  differentiation,  (3)  their  increase  in  size  in 
the  course  of  geological  time,  (4)  the  progress  of  activity,  (6)  the 
progress  of  the  perceptive  faculties,  (6)  the  progress  of  intelligence. 

In  the  chapter  dealing  with  the  multiplication  of  animals,  it  is 
asserted  that  the  number  of  organisms  has  increased  successively 
from  the  Cambrian  onwards,  and  that  this  increase  was  facilitated 
by  the  fact  that  the  earlier  forms  were  more  strongly  armoured  than 
the  later  ones,  and  at  the  same  time  were  less  exposed  to  attack. 
That  there  has  been  an  enormous  increase  in  the  forms  of  animal 
life  is,  of  course,  obvious,  but  that  the  fossils  of  the  earlier  rocks 
give  any  idea  of  the  richness  of  the  contemporary  faunas  is  more 
than  doubtful,  since  it  is  to  the  fact  of  their  well- developed  skeletons 
that  these  fossils  owe  their  preservation,  while  doubtless  innumerable 
forms  must  have  existed  in  which  the  hard  parts  were  little  or  not 
at  all  developed,  and  of  these  scarcely  a  trace  remains.  Again,  if  the 
earlier  types  were  less  exposed  to  attack,  it  is  difficult  to  understand 
why  in  the  greater  number,  according  to  the  author,  the  means  of 
defence  should  have  been  brought  to  so  high  a  state  of  perfection. 

In  the  chapter  on  the  increase  of  size  in  animals,  still  pursuing 
the  comparison  with  the  life  of  the  individual,  it  is  stated  that 
there  has   been  a  gradual  advance  in  this  respect   from   first  to 
last.     This,  again,  hardly  seems  borne  out  by  the  facts,  for  if  we 
take  almost  any  group  of  animals  we  find  that  though  for  a  time 
the  bulk  may  have  increased,  a  maximum  is  arrived  at,  at  different 
periods  in  the  different  classes,  after  which  a  diminution  sets  in. 
In  the  Amphibia,  for  example,  this  maximum  was  reached  in  the 
Trias,  while  the  largest  reptiles  were  Jurassic.     The  Mammalia,  it 
is  true,  having  been  evolved  later  in  time  than  any  other  group  of 
the  Vertebrata,  may  be  said  truly  to  have  attained  their  maximum 
development   to-day   in   the   living  Cetacea,  hugest  of   all  moving 
creatures  that  breathe,  and  it  needs  but  small  prophetic  wisdom  to 
see  the  rapid  disappearance  of  these,  and,  indeed,  of  all  the  larger 
mammah  within  the  next  few  years,  annihilated  everywhere  by  the 
advance  of  man  the  destroyer.     Of  the  larger  forms  the  horse,  cow, 
and  sheep  will  soon  alone  survive,  and  even  the  horse  may  succumb 
before  the  motor-car  and  the  bicycle  I     In  the  invertebrates  the  same 
phenomenon  may  be  observed ;  for  instance,  the  gigantic  Pterygottu 
of  the  Silurian  and  Devonian  periods,  is  unsurpassed  in  bulk  by  any 
recent  Crustacean.      The  later  chapters  dealing  with  the  progress  of 
the  perceptive  faculties  and  of  intelligence  will  meet  with  fewer 
objections,  but  even  here  the  generalizations  will  not  always  hold 
if  an  attempt  be  made  to  apply  them  to  particular  cases. 

The  pages  on  the  utility  of  palaeontology  to  the  stratigraphers  are 
perhaps  the  most  interesting  in  the  book,  but  it  seems  hard  to  think 
t  it  should  be  found  necessary  nowadays  to  employ  elaborate 
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ai^nraents  to  prove  the  extreme  value  of  fossils  in  stratigrapbical 
work  ;  but  such  is  the  case. 

In  conclnsion,  the  writer  passes  beyond  the  realm  of  palaeontology 
to  the  consideration  of  the  origin  of  the  higher  faculties  of  man  and 
of  the  prime  cause  of  evolution,  questions  upon  which  the  author's 
views  may  perhaps  not  be  received  altogether  with  general  assent ; 
but  these  need  not  be  touched  upon  here. 

On  the  whole  this  book  is  admirably  and  clearly  written.  There 
are  many  points  of  deep  interest  which  are  discusse<l  in  a  lucid,  if 
not  alway  convincing  manner;  and  as  an  introduction  to  the  outlines 
of  palaeontological  history  for  general  readers  it  is  to  be  highly 
commended,  especially  as  it  is  by  one  so  distinguished  and  whose 
name  is  so  widely  known  as  an  accomplished  man  of  science  and 
a  most  successful  teacher.  As  in  the  previous  volumes  of  the  series, 
the  illustrations  and  printing  are  most  clear  and  excellent. 


III. — Les  Sfirif&bks  du  CoBLBNziBN  Belge  (Bull.  Soo.  Beige 
6eol.,  ix,  pp.  131-240,  pis.  xi-xv,  November  1895) ;  and  Catalogue 
Synonymique  et  critique  des  Spirif^res  du  Devonien  Inf^rieur 
{Urn.  cit.,  pp.  260-288,  February  1896).     By  Ferd.  BfeOLARD. 

FOR  over  a  dozen  years  Mr.  Beclard  has  been  studying  the 
Spirifers  of  the  Devonian — on  the  one  hand,  carefully  revising 
the  literature  and  comparing  descriptions  and  figures  with  the 
specimens;  on  the  other  hand,  making  a  scientific  study  of  the 
specimens  themselves  with  the  aid  of  the  abundant  material  in 
the  Natural  History  Museum  at  Brussels,  to  which  he  is  attached. 
The  former  branch  of  inquiry  is  soul-wearying,  thanks  to  the 
vagaries  of  previous  authors ;  the  latter  branch  is  not  easy,  owing 
to  the  remarkable  extent  of  variation  in  this  group,  and  the  difficulty 
of  obtaining  specimens  suitable  for  investigation.  But  both  branches 
are  absolutely  necessary  if  the  names  finally  attached  to  the  specimens 
are  to  have  greater  value  than  mere  dealers*  labels  or  the  haphazard 
shots  of  a  schoolboy  collector.  In  a  great  museum  like  that  at 
Brussels,  we  expect  that  every  label  shall  be  the  expression  of 
a  definite  scientific  opinion  ;  for  on  the  accessible  collections  of  sucb 
a  museum  hundreds  of  students,  geologists,  and  collectors  depend, 
and  rightly  so,  for  the  names  of  their  own  specimens.  This  fact  is 
recognized  by  Dr.  Dupont,  and  he  has  not  grudged  to  Mr.  Beclard 
the  twelve  years  of  silent  but  ultimately  fruitful  work. 

Careful  comparison  of  the  Spirifers  from  the  Coblenzian  (Lower 
Devonian)  of  Belgium  has  convinced  Mr.  Beclard  that  though  there 
may  be  scores  of  names  in  the  books,  and  actually  dozens  of 
mutations,  to  which  on  occasion  a  subspecific  name  may  legitimately 
he  applied,  yet  that  there  are  only  eight  distinct  specific  types, 
separated  from  one  another  without  transitional  forms.  To  these 
are  applied  the  names  Spirifer  prtmavus^  S.  hystericus ,  S.  sub-' 
euspidaius,  8.  arduennensis,  S.  cultriJugatuSf  S.  paradoxus^  S.  dale^ 
idensis,  and  8.  Trigeri,  To  these  may  be  added  S.  curvatus  and 
S.  ipeeiosus,  which,  however,  only  occur  at  the  top  of  the  Coblenzian, 
and  are  obaraoteristio  rather  of  the  succeeding  beds.     The  eiglit 
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species  all  have  pronoanoed  lateral  riba,  wbile.  except  in  S.  jMra<iom, 
S.  diileidauit^  and  S.  Trigeri,  the  median  fold  is  smooth.  Thej  also 
are  nniformlj  ornamented  with  fine  lamellsB  of  growth  bndun  into 
papillae 

The  notes  aocomolated  bj  Mr.  Beclaid  in  aooomplishing  this 
work,  notes  that  naturally  involve  nianj  species  other  than  those 
oocnrrinfr  in  Belgium,  namely,  all  the  Lower  Deronian  spirifen  of 
the  world,  form  the  groundwork  of  his  '^Catalogue  Sjnonymiqoe," 
for  which  all  students  of  Brachiopoda  will  feel  profoundly  grateful 
while  they  will  hope  that  the  Brussels  Museum  will  continue  to 
produce  work  of  this  solid  and  enduring  natore. 


PROFESSOR  BOXXET  AXD  THE  "  PARALLEL  ROADS." 

SiK, — I  had  some  other  points  in  Professor  Bonney's  "loe-Work** 
marked  for  comment;  but  the  author's  Note  in  your  last  issae 
suggests  the  question,  cui  bono  f 

I  took  the  liberty  of  pointing  out  that,  in  certain  instanoes,  bis 
statements  were  extremely  partial  and  one-sided — more  like  tbe 
work  of  an  advocate  than  of  a  judge.  Such  "  criticism/'  he  retorts, 
is  a  "  typical  specimen  of  forensic  advocacy  !  "  This  is  not  generally 
considered  a  very  satisfactory  or  dignified  style  of  reply.  To  me, 
indeed,  the  charge  may  be  rather  complimentary ;  whUe  it  may  be 
the  very  thing  to  be  complained  of  in  regard  to  him,  who  claimed 
to  be  a  "judge/'  setting  forth  fairly  the  facts  and  arguments  on 
both  sides. 

T\\e  Professor  represented  tbe  "  dispute  "  regarding  these  Parallel 
Heads  as  still  active,  and  one  on  which  "authorities"  are  divided. 
Now,  when  this  has  been  shown  to  be  incorrect,  he  says  he  is  "  not 
afraid  of  being  in  a  minority  "  (a  different  matter  altogether  of  which 
there  was  no  mention  formerly),  having  seen  the  fading  of  too  many 
**  Brocken  spectres  "  I 

May  I  ask  where  is  the  "Brocken  spectre"  in  this  instance?  If 
there  be  one  such  apparition  which  the  present  generation  of  geologists 
has  seen  **  fading/'  it  is  that  of  a  **  great  submergence  "  during  tbe 
Glacial  epoch,  which  Professor  Bonney  now  vainly  attempts  to 
restore  or  reproduce  on  the  cloudy  "  screen/* 

I  am  content  to  leave  the  matter  as  it  stands  to  the  "jury/*  by 
whom  all  "advocacy/*  whether  open  and  avowed  from  the  "bar/* 
or  more  covert  and  disguised  from  the  "  bench/*  will  be  weighe<l 
and  tested  ;  and  who  will  not  fail  to  note  when  good  and  sufficient 
evidence  is  set  aside,  and  other  evidence  asked  for,  simply  because 
that  which  is  produced  is  not  in  accord  with  the  opinions  of  tbe 
presiding  judge  I 

I  desire,  however,  to  part  from  Dr.  Bonney  with  the  same  expression 
of  respect  which  I  have  long  felt  towards  him.  I  sincerely  trust 
that  during  his  present  tour  in  the  Alps,  he  will  not  be  tempted, 
by  desire  for  singularity,  to  forsake  the  "trodden  paths/*  and 
wander  into  others  that  have  been  disused  for  nearly  thirty  years. 

OXJLSOOW,  lOth  August,  DUGALD  BsLU 
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I.— Fkeliminabt  Notice  oir  Fossii.  Mohkbts  fbom  Kadaqaboab. 
Bj  Dr.  C.  I.  FossTTu  Hajob,  C.M.Z.S. 

DURING  mj  excavations  in  tbe  marshes  of  Sirab6  (Yakiaankaratra 
District,  Central  Madagascar),  my  assistant,  Mr.  A.  Robert, 
cama  upon  a  small  fragment  of  a  right  upper  jaw  of  a  mammal, 
containing  the  two  anterior  true  molars,  which  preseated  the  well- 
known  patterD  of  the  Old- World  Ceroopithecidae.  The  presenoe  of 
true  motikeys,  as  contemporaries  of  the  Mpyomia,  in  very  reoent 
deposits,  appeared  to  be  sucb  an  extroordinAry  fact  that  I  anxiously 
looked  forward  for  further  and  more  conclusive  evidence.  This 
fortunately  has  since  been  forthcoming,  by  the  subsequent  discovery 
of  more  complete  remains.  Two  of  the  most  important  pieces,  viz. 
tbe  anterior  part  of  a  skull,  broken  off  behind  tbe  nasals  and  the 
molar  series,  and  a  left  mandibular  ramus,  are  here  figured  and 
briefly  described. 


Fio.  I. — Profils  of  the  anterior  port  of  a  Ekull  of  XesopilhecHs  SobtrU. 


Dr.  C.  I.  Fof'jtb  Xdjor— 
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Tn  the  Tngment  of  the  sVnII  tbe  orbits  are  directed  ttni^i 
forward,  and,  although  their  hinder  portion  ia  hrokMi,  de^ilj  thow 
thnt  thpy  were  aepanted  from  the  t«inpot«l  fo*a»  by  ft  bonj  wall 
The  lachrymal  fciramen  ig  situated  within  the  margin  of  the  orlNt. 
The  inner  upper  inciaorv  are  in  contact  in  the  middle  liii&  Tlia 
nafuila  are  concave  in  profile,  and  the  facial  pmfile  ia  ateep. 

llie  ahove  charactera,  together  with  the  pattern  of  the  mohii, 
are  the  very  oppoHite  of  what  we  find  in  Lemnroidra,  whilat  tb«j 
area!  ]Kmilively  evi'lenoe  that  the  fosHiI  belongs  to  the  AothropoiiW 
The  nanalH  are  brnaJ,  and  ao  ia  the  whole  of  the  interorbital  r^ioo; 
ita  tranaveriutl  diameter  alniost  equalling  that  of  the  orbits,  and 
thersfure  exceeding  what  obtaina  in  the  genera  of  AnthrupcHdea, 
which  ahow  (he  maximum  of  lateral  esteaaion  of  thia  region 
(Myeelet,  Hi/lobaUi,  Homo).  Thia  ia  al>ont  the  only  point  in 
which  the  foxnll  approaches  aome  of  the  Lemnroidea. 


^ 
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Fio.  3.— Palatul  tIew  of  same  skull  of  yeiopilheau  Boberti. 

ThedentalformQlaof  the  upper  jaw  is  aa  follows:  12,  CI,  P3,  M3. 
__  Only  the  molars,  premolars,  canine  and  the  outer  incisor  of  the  left 
BHHMMkprMerre ' 


itMerved,"  the  other  teeth  being  broken  down  to  their  sockets; 
are  very  much  worn.     The  internal  pair  of  upper 
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incieors  were  strongly  developed,  the  outer  being  much  smaller. 
The  incisore  heiufi;  inserted  obliquely,  there  '\n  left  a  triangular  gap 
between  them  and  the  strong  canine.  This  last  is  provided  with  an 
internal  basal  cingulum,  terminating  in  a  small  posterior  ousp.  The 
two  anterior  premolars  have  their  longest  diameter  parallel  to  the 
long  axis  of  the  skull,  whilst  the  third  is  longest  in  a  tranaverse 
direction.  They  overlap  each  other,  the  first  two  being  inserted 
obliquely  in  their  alveoli.  All  of  them  are  provided  with  an  internal 
oingulum.  The  three  molars  are  each  composed  of  four  tubercles, 
the  outer  and  inner  pairs  being  placed  opposite  one  another  and 
connected  together  by  transverse  ridges.  Tliis  is  the  pattern  of  the 
Cercopitlieciilie  1  but,  unlike  the  Old- World  monkeys,  the  molars 
decrease  in  size  from  before  backwards. 

I'he    left    mandibular    ramus    of    another    specimen,    with    less 
worn    teeth,  seems  referable    to  the   same    species.      T 


Fia.  3. — Left  msndibiilar  ramus  of  another  specimen  of  Neiopilktciis  Raherti. 
■re  wanting;  but  from  the  alveoli  of  both  sides  preserved,  it  is 
teen  that  they  were  four  in  all,  and  inserted  obliquely.  The 
remainder  of  the  teeth  of  the  left  side  are  six  in  number : 
three  are  molars,  their  paltema  being  after  the  type  of  those 
in  the  upper  jaw,  and  likewise  decreasing  in  size  from  before 
backwards;  no  talon  to  the  last  inferior  molar.  Situated  between 
the  inoiaors  and  the  molars  are  three  teetb.  viz,  one  less  than 
in  the  upper  jaw;  and  the  question  arises,  whether  the  missing 
tooth  is  the  canine  or  one  of  the  premolars.  The  anterior  of  the 
three  teeth  in  question  is  cuniniform;  but,  in  adapting  the  lower 
dental  series  to  the  upper  one,  it  may  be  clearly  seen  that  this 
csniniform  tooth  occupied  the  place  behind  the  upper  canine;  so 
that,  according  to  our  received  definitions,  this  tooth  is  not  to  be 
considered  a  canine,  but  a  premolar.  At  any  rate,  whilst  the  dental 
formula  of  the  upper  teeth  agrees  with  that  of  the  Cebidie,  it  is 
qnite  pecntiar  in  the  lower  jaw;  and  whilst  the  pattern  of  the 
molars  is  that  of  the  OercopithecidFe,  the  premolars  differ  alike 
from    Old    and   New   World   monkeys.     The   two   posterior  lower 
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premolars  overlap  each  other,  as  in  the  upper  jaw,  their  longest 
diameter  being  oblique  to  the  long  axis  of  the  skull ;  the  anterior 
of  the  two  has  a  longitudinal  trenchant  blade ;  the  pattern  of  wear 
in  the  more  bulky  posterior  one  is  somewhat  like  a  cross. 

These  combined  characters  amply  justify  the  establishment  of 
a  separate  family  of  Anthropoidea  for  the  Malagasy  fossil,  inter* 
mediate  in  some  respects  between  the  South  American  Oebidce  and 
the  Old- World  Ceroopithecidffi,  besides  presenting  characters  of 
its  own. 

Fam.  nov.  Nbsopitbeoida. 

Gen.  nov.  Nesopithecm  BobertL 

Mbasubembnts. 

mm. 
Length  of  dental  series  from  canine  to  last  molar  (upper  jaw)    ...        61 

,,       upper  molar  series 23 

,,       premolar  series        27 

y  J  \*\  •••     ••■     ••«     ••«     •••     •••     •••     •«•     •••     •••     •••  V 

y  y  Uo     •••     •••     •••     •••     •••     •••     «•«     •••     ■••     •••     •••         X  L    V 

fj  L/3     *•*     ••     •**     ■•*    /**     ***     ***     •••    •••     •••     •••        Xm    V 

Transverse  diameter  of  pi,  at  basis         12 

Length  of  upper  canine     11*6 

,,      palate,  in  middle  line      56 

Width  of  skull,  between  zygomata about  95 

,,  „    between  outer  margins  of  posterior-premolar  (pi)  48*5 

,,  ,,  ,,  ,,  canines       45*5 

,,      palate  between  inner  margins  of  canines       29*5 

,,  ,,  ,,  „  anterior  molar  (mi)    ...  24 

,,      interorbital  spatium 24 

Transverse  diameter  of  orbit about  25 

Width  of  nasals  above      125 

tf  ),  UCiUW  ...  ...  aa.  ...  ...  ,,,  ...  ...  ,,,  ^v 

Lower  jaw: 

Length  of  dental  series  exclusive  of  incisors 55*5 

,,         molar  series     26*5 

,,        premolar  series        28o 

^«  lill'llvllU|  •••         •••         «••         ••*         •■•         •••         •••         «••         ••«         •••         •■•  XL 

%f  \^  •••         •••         •••         •«•         •••         •••         •••         •••         *••         •••         «••  ^ 

9  f  1^3     •••   •••   «••   •••   •••   •••   •••   •••   •••   •••   •••      X  k 

Width  of  lower  incisor  series  between  margins  of  outer  alveoli    ...         17*5 
Height  of  horizontal  ramus  beneath  mj 26 

The  present  discovery  suggests  the  following  general  conclusions, 
which  1  expect  will  be  corroborated  by  further  finds. 

(1)  We  may  look  forward  in  Continental  Africa  likewise  for  the 
discovery  of  Tertiary  monkeys,  intermediate  between  Cebidie  and 
Cercopithecida3. 

(2)  The  recent  African  CercopithecidoB  are  not  invaders  from  the 
north-east,  as  has  been  supposed;  on  the  contrary,  most,  if  not  all, 
of  the  Tertiary  monkeys  of  Europe  and  Asia  are  derived  from  the 
Ethiopian  region.  The  home  of  a  part  at  least  of  the  Anthropoidea 
seems  to  have  been  in  the  Southern  Hemisphere.  This  assumption 
is  corroborated  by  the  two  facts — that  Anthropoidea  make  their 
appearance  suddenly  for  the  first  time  in  the  later  Tertiary  of  Europe 
and  Asia,  and  that  they  are  entirely  absent  from  the  Tertiary  of 
North  America. 
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II. — The    Geolooioal  Work    of   the   Conway   Spitzbekgen 

Expedition. 

By  E.  J.  Garwood,  M.A.,  F.G.S.,  and  J.  W.  Grboort,  D.Sc,  F.G.S. 

THE  discovery  by  Eeilhau  in  1827  of  Carboniferous  fossils  in 
Spitzbergen  first  called  attention  to  the  geological  interest  of 
this  archipelago.  The  collections  subsequently  made  by  Kobert 
during  the  voyage  of  the  "  Becherche  "  in  1838,  by  Loven  in  1837, 
by  Drasche  in  1872,  and  by  the  series  of  Swedish  expeditions  under 
Baron  A.  E.  von  Nordenskiold  between  1858  and  1873,  proved  the 
occurrence  of  beds  belonging  to  the  Arobean,  Lower  Palaeozoic, 
Devonian,  Carboniferous,  Triassic,  Jurassic,  Cretaceous,  and  Miocene 
systems.  The  fossils  collected  by  these  explorers  are  now  in  the 
museums  of  Christiania,  Paris,  Stockholm,  and  Vienna ;  but  up  till 
the  present  the  only  collections  in  London  are  a  few  specimens  of 
Devonian  fish  obtained  by  exchange,  and  of  Carboniferous 
Brachiopods  collected  by  Mr.  Lament.  It  was,  therefore,  part  of 
the  work  of  Sir  Martin  Conway's  expedition  to  obtain  a  series  of 
fossils  to  represent  as  fully  as  possible  all  the  successive  faunas  aud 
floras  of  this  far  northern  archipelago.  Previous  work  on  the 
geology  of  Spitzbergen  had,  moreover,  been  carried  out  on  the  coast, 
and  it  was  Sir  Martin  Conway's  main  object  to  explore  the  interior. 
These  two  considerations  lessened  the  thoroughness  of  the  geological 
study  of  the  country  and  the  extent  of  the  collections,  fur  we  had  to 
travel  long  distances  to  reach  rocks  of  different  systems,  and 
transport  of  heavy  geological  specimens  from  the  interior  was 
difficult.  Nevertheless,  considerable  collections  were  made,  which, 
besides  serving  to  represent  the  Spitzbergen  fossils,  will  probably 
aid  in  the  more  exact  correlation  of  the  horizons  from  which  they 
come,  and  throw  light  on  the  migrations  of  the  faunas. 

The  expedition  arrived  in  Advent  Bay  on  the  19th  of  June,  and 
finished  landing  the  stores  by  the  evening  of  the  next  day.  Prepara- 
tions were  at  once  made  for  the  march  inland,  Sir  Martin  Conway 
and  Mr.  Garwood  leaving  on  the  2l8t  to  establish  the  first  food 
depot.  From  this  point  the  inland  party  pushed  up  the  valley  that 
ascends  from  the  head  of  Advent  Bay ;  after  three  days'  march  we 
camped  on  a  col  leading  into  a  corresponding  valley  that  runs  inland 
frum  Sassen  Bay.  During  the  descent  into  this  valley  we  found 
a  remarkable  esker,  which  told  the  story  of  its  formation.  At  this 
point  the  party  had  to  halt,  owing  to  the  collapse  of  the  sledges ; 
while  one  of  us  returned  to  Advent  Bay  to  repair  them,  the  other 
made  a  collection  from  the  Triassic  rocks  of  the  mountains  beside  the 
camp.  Below  the  Trias  were  beds  of  Carboniferous  limestone  and 
chert ;  a  stream  had  cut  a  deep  gorge  through  these,  and  at  its  head 
plunged  over  a  fine  waterfall,  which  gave  our  resting-place  the  name 
of  *•  Waterfall  Camp."  The  sledges  having  returned,  we  resumed 
our  journey  to  the  east.  At  first  our  route  lay  along  a  valley  cut 
through  the  Triassic  rocks  to  the  Carboniferous  ;  occasional  outcrops 
of  the  latter  could  be  seen  on  the  foot  of  the  valley-walls.  Most  of 
the  floor  was  occupied  by  recent  alluvium,  while  a  series  of  raised 
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beaches  containing  shells  of  Mya  Iruncata  and  Saxtcava  aretica,  etc., 
formed  terraces  nlong  the  sides.  Above  the  level  of  the  marine 
terraces  the  valley  contracted,  and  was  blocked  by  a  bar  of  moraine 
hills,  400  feet  in  height ;  in  the  hollows  we  often  came  upon  beds 
of  fossil  ice,  which  added  greatly  to  the  difficulty  of  the  traverse  of 
these  very  irregular  hills.  After  crossing  the  moraine,  we  had  to 
leave  the  ponies  and  sledges  and  cross  the  glacier  to  the  east  coast, 
which  we  reached  on  July  16.  We  returned  to  Waterfall  Camp 
by  the  same  route ;  thence  one  of  us  walked  back  to  Advent  Bay 
overland,  and  the  other  along  the  coast,  so  that  we  were  able  to  help 
in  the  geological  examination  of  two  east  and  west  sections. 

After  meeting  at  Advent  Bay  we  went  with  Mr.  H.  E.  Conway, 
the  artist  of  the  expedition,  to  Green  Harbour  to  collect  fossil  plants 
from  the  Tertiary  beds  there.  Unfortunately  the  layer  from  which 
Baron  Nordenskiold  made  the  collection  in  which  Ileer  recognized 
over  a  hundred  species,  has  been  washed  away  by  the  sea.  We 
obtained,  however,  a  series  of  leaves  of  dicotyledons  and  of  Poaciies^ 
and  specimens  of  Taxodium,  Seqnoia,  etc.  Jurassic,  Triassic,  and 
Carboniferous  rocks  occur  to  the  west  of  the  Tertiary  Plant-bed,  and 
from  these  we  also  made  collections. 

After  a  few  days'  stay  at  this  locality.  Sir  Martin  Conway  called 
for  us  in  the  "Expres,"  a  small  13-ton  steamer.  In  this  vessel  we 
sailed  to  the  Seven  Islands,  through  Hinlopen  Straita,  near  to  Prince 
Charles'  Islands,  and  to  the  head  of  Wiide  fiay.  An  attempt  to 
circumnavigate  Spitzbergen  was  frustrated  by  a  belt  of  fast  ice,  which 
blocked  up  the  passages  into  Stor  Fiord,  and  formed  a  barrier  across 
the  broad  Olga  Strait  The  excursion,  however,  gave  us  an  oppor- 
tunity for  studying  some  fine  sections  in  the  Archean  series  of  the 
Seven  Islands,  of  the  Devonian  of  Wiide  Bay,  and  also  of  the  Car- 
boniferous and  Tertiary  rocks  of  Bel  Sund,  in  which  we  spent  a  day 
during  our  return  voyage. 

One  of  us  (E.  J.  G.)  subsequently  had  the  opportunity  during  the 
first  ascent  of  Hornsund  Tind,  the  highest  mountain  in  Spitzbergen, 
of  working  out  its  geological  structure. 

It  is  too  early  to  attempt  any  summary  of  the  results  of  this 
journey,  as  many  of  the  fossils  are  yet  unpacked,  and  upon 
the  examination  of  these  the  conclusions  will  depend.  Sir  Martin 
Conway  made  a  careful  map,  on  the  scale  of  one  inch  to  the  mile, 
of  the  belt  of  country  between  Advent  Bay  and  Agardh  Bay,  whei^e 
we  reached  the  east  coast.  We  collected  materials  on  which  to 
prepare  a  geological  edition  of  this  map. 

The  strati  graphical  sequence  in  Spitzbergen  is  remarkably  complete, 
and  its  general  characters  are  of  great  interest.  The  oldest  beds 
are  some  schists,  cut  through  and  altered  by  some  intrusive  gneisses. 
These  occur  in  the  Seven  Islands  and  in  the  nortl>-west  of  Spitzbergen. 
Above  these  come  the  quart zites  and  schists  of  the  Hecla  Hook  series ; 
these  are  no  doubt  Lower  Palaeozoic,  but  fossils  have  not  yet  been 
found  in  them.  The  stratigraphical  evidence  proves  them  to  he 
pre-Devonian.  The  series  is  named  from  their  occurrence  in  the 
M^Mdlaad  overlooking  the  bay  iu  which  Parry's  ship,  the  '*  Hecla," 
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spent  the  winter  of  1826-7.  Of  the  Devonian  series  we  saw  less 
than  of  the  other  formations,  but  obtained  some  fish-remains  on 
the  south-western  shore  of  Wiide  Bay.  The  Carboniferous  system 
is  one  of  the  most  extensively  developed  of  any  in  Spitzbergen, 
and  we  obtained  collections  (mainly  of  Brachiopods)  from  various 
localities.  The  Carboniferous  rocks  are  succeeded  by  those  of  the 
Trias,  the  two  systems  beiug  sometimes  separated  by  a  slight  un- 
conformity. Another  and  greater  break  in  the  sequence  occurs 
above  the  Trias,  for  the  next  fossiliferous  beds  apparently  belong 
to  the  Upper  Jurassic ;  fossils  of  this  age  occur  in  several  localities, 
and  they  are  succeeded  by  beds  containing  a  species  of  Aucella  very 
nearly  allied,  if  not  identical,  with  A.  eoncenlrica,  Keys.  After 
this  comes  another  gap,  including  the  upper  part  of  the  Cretaceous 
(if  not  the  whole  of  that  system)  and  the  Lower  Tertiary.  There 
are  no  marine  fossils  later  than  the  Aucella  beds  until  we  reach  the 
Pleistocene  raised  beaches,  with  the  exception  of  some  unsatisfactory 
casts  from  beds  associated  with  the  Tertiary  plant-beds. 

The  sequence  of  faunas  in  Spitzbergen  is  instructive,  but  the 
faunas  themselves  are  thin.  Species  of  certain  classes,  as  of 
Brachiopods  in  the  Carboniferous,  and  of  Cephalopoda  in  the 
Trias,  may  be  numerous;  but  the  classes  represented  are  always 
very  limited.  The  main  lesson  that  the  faunas  teach  seems  to  be 
that  they  always  lived  under  unfavourable  conditions.  We  had 
expected  to  find  evidence  of  former  climates  not  only  much  milder 
than  the  present,  but  even  subtropical  in  warmth.  In  this  we  were 
unsuccessful ;  we  found,  on  the  contrary,  beds  of  more  than  one 
period  in  the  deposition  of  which  ice  must  have  taken  part  We 
found  boulders  weighing  three  tons  lying  in  beds  of  comparatively 
fine  material ;  and  it  seems  difficult  to  see  what  but  ice  could  have 
transported  them. 

The  ice  of  Spitzbergen  consists  of  sea-ice,  valley  glaciers,  and  an 
ice-cap.  The  opportunity  of  the  study  of  these  three  agents  working 
side  by  side,  was  one  of  the  greatest  privileges  we  enjoyed  during 
the  expedition. 

III. — On  a  Specimen  of  Coccoteutsis  hastiformis,  RiJppELL,  sp., 

FROM   THE   LiTUOORAPHIO    StONE,    SoLENHOFEN,    BaVABIA. 
By  G.  C.  C&iCK,  F.G.S.,  of   the  British  Museum  (Natural  History). 

(PLATE  XIV.) 

THE  specimen  which  forms  the  subject  of  the  present  notice 
belongs  to  the  genus  which  is  termed  by  some  authors 
TtachyieuthiSf  and  by  others  Coccoteuihis.  Both  names  were 
originally  given  to  the  internal  shell  of  a  iSepta-like  Cephalopod  ; 
the  former  to  examples  from  the  Lithographic  Stone  (Lower 
Rimeridgian)  of  Bavaria,  and  the  latter  to  a  specimen  from  the 
Kimeridge  Clay  of  Dorset  They  are  regarded  as  synonymous,  but 
some  authors  use  one  and  some  the  other. 
The  genus  was  first  figured  in  1755  by  Knorr,^  who  mistook  the 

*  **  Sammlung  von  Merkwiirdigkeit^n  der  Natur  und  Alterthiimern  des  Erdbodens, 
welche  petrificirte  Eorper  enthalt,'*  pt.  i,  pi.  xxii,  tig.  2. 
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foMil  for  a  fish.  Un<1er  the  name  <Sf/raa  prtMca,  Konig^  figured 
an  example  in  1825,  hot  gave  no  deecription  of  the  fpedmeo. 
Ktippell,'  however,  in  1829  figured  and  described  as  Septa  hoMiifarmU 
an  example  from  the  Lith«>graphic  Stone  (Liower  Kimeridgian)  of 
Mtihlheim,  near  Solenhofen,  Bavaria.  Fignies  of  these  ahells  were 
iiubseqaently  given  by  Miinster,'  Fenmac  and  D*Orbignj/  and 
Qaenatedt/  all  of  whom  referred  them  to  the  genos  Septa. 

H.  von  Meyer,  in  a  letter  in  the  Neoes  Jahrbach  for  1846 
(p.  598),  suggested  the  name  TraekfftemtkU  for  some  Septa-like 
internal  shells  from  the  Lithographic  Stone  of  Solenhofen,  hot  did 
not  fully  describe  the  specimens  which  he  referred  to  this  genos 
until  October,  1855.  In  the  meantime  (May,  1855),  however. 
Professor  Owen  *  fip^ured  and  described  from  the  Kimeridge  CUy  of 
Dorset  a  similar  shell,  to  which  he  gave  the  name  CoeedeuihU 
latipinnii.  Since  there  is  no  doubt  as  to  the  generic  identity  of 
these  fossils,  it  appears-  that  the  name  CoeeoUnthh  should  be 
preserved,  for  it  was  the  first  to  be  adequately  described ;  we  have 
accordingly  used  it  in  the  present  paper,  following  Dr.  A.  Wagner,^ 
who  after  full  conRideration  of  this  question  adopts  Owen's  name  for 
the  genus.  Dr.  K.  A.  von  Zittel,  however,  uses  the  name  Traeky- 
tettthii  both  in  his  **  Handbuch  der  Palseontologie  "  (vol.  ii,  p.  516) 
and  also  in  his  more  recent  ''Grundziige  der  Paheontologie " 
(p.  446). 

So  far  as  we  have  been  able  to  ascertain,  there  have  been  bnt  few 
references  to  the  soft  parts  of  the  animal  associated  with  the  shell  of 
this  genus.  Ferussac  and  D'Orbigny  figure*  an  example  of  the 
genus  under  the  name  Septa  hastiformis,  and  indicate  anterior  to  the 
Hhell  what  may  possibly  be  some  remains  of  the  animal.  F.  A. 
Quenstedt,  in  his  *' Cephalopoden "  (pi.  xxxii,  fig.  1),  figures  an 
example  of  Saepta  hastiformis  witli  the  impression  of  the  lateral 
expansion  of  the  mantle,  which  he  says  shows  distinctly  the 
transverse  muscular  striation.  The  shell  associated  with  this 
impression  is  170  mm.  long.  The  same  author,  in  the  third  edition 
of  his  "  Handbuch  der  Petrefactenkunde,"  p.  508,  pi.  xxxix,  fig.  8, 
describes  and  figures  from  the  Lithographic  Stone  of  Solenhofen  the 
head  of  a  Cephalopod  (showing  eight  arras  and  the  ''  beaks  "),  which 
he  refers  to  Loliginitei  priscus  {:=  Plesioteuthis  prisca)  ;  but  there 
does  not  appear  to  be  any  reason  why  the  head  should  be  associated 
with  this  species.  It  agrees  very  well  with  the  head  of  the  specimen 
described  below,  which  undoubtedly  belongs  to  the  genus  Cocco- 
teuthis, 

»  **  Icones  FMsilium  Sectiles."  1825,  pi.  xrii,  fig.  201. 

'  *'  Abbildung  und  Beschreibun^  einiger  neuen  oder  wenig  gekannten  Yersteine- 
rungen  aus  der  Kalkschieferformation  von  Solenhofen." 
»  G.  Miinster,  "  Beitrage  zur  Petrefactenkunde,"  Heft  yii,  1846,  pi.  ii. 

*  "Hist.  nat.  des  Cephalopodes  acetabulifdres,"  1835-48,  Sepia^  pis.  xiv-iri. 

*  **  Petrefactenkunde  Deutschlanda,**  vol.  i  (Cephalopoden),  1846-9,  pis.  xxii, 
xxxii. 

«  Quart.  Joum.  Geol.  Soc.,  vol.  xi  (1855),  pp.  124-6,  pi.  vii. 
'  Abhandl.  d.  k.  Akad.  d.  Wissensch.,  Berlin,  math.-phys.  CL,  voL  viii,  p.  764 
et  Meg. 

*  •♦Hist.  nat.  des  Cephalopodes  acetabulif^es,"  1835-48,  Sepia,  pi.  xvi,  fig.  1. 
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la  his  "Handbuoh  der  Palasontologie  "  (vol.  ii,  p.  516,  1884), 
Zittel  states  that  distinct  impressions  of  the  animal  ooourring  in  the 
Lithographic  Stone  show  the  hinder  part  of  the  body  to  have  been 
broad  and  sack-shaped,  with  convex  sides,  and  the  head  to  have  had 
eight,  rather  long,  similar  arms.  In  his  ''  Grundziige  der  Pal»on- 
tologie"  (p.  446,  1895),  the  same  author  remarks  that  impressions 
of  the  sack-shaped  body  and  of  the  head  are  sometimes  preserved  in 
the  Lithographic  Stone  of  Bavaria. 

The  British  Museum  has  lately  acquired  a  splendidly-preserved 
example  of  this  genus  (see  PL  XIV)  from  the  Lithographic  Stone 
(Lower  Eimeridgian)  of  Solenhofen,  in  which  the  body  with  its 
lateral  expansions,  and  the  head  with  its  arms,  are  all  in  union  with 
each  other.  The  specimen  is  displayed  on  the  surface  of  a  small 
slab,  210  mm.  long  and  100  mm.  wide,  and  presents  a  dorsal  aspect 
of  the  animal.  The  total  length  of  the  specimen  from  the  posterior 
extremity  of  the  body  to  the  anterior  extremity  of  the  arms  is 
180  mm. 

The  body  is  somewhat  flask-shaped,  rounded  posteriorly,  and 
slightly  contracted  anteriorly.  Its  length  is  94  mm. ;  its  g^atest 
width  (which  is  at  about  the  middle  of  the  body)  43  mm. ;  whilst 
at  the  anterior  boundary  of  the  mantle,  which  coincides  with 
the  anterior  extremity  of  the  shell  («),  the  body  is  not  more  than 
32  mm.  wide.  Fragments  of  the  mantle  still  adhere  both  on  the 
right-  and  on  the  left-hand  sides  of  the  dorsal  surface,  and  these 
exhibit  very  clearly  the  transverse  striation  not  infrequently  seen 
in  the  fossilized  state,  as  e.g.  in  specimens  of  Plesioteuihis  prisca 
from  the  Lithographic  Stone,  and  also  in  Qeoteuthis  brevipinnis  and 
Belemnoteuthis  antiqua  from  the  Oxford  Clay  of  Wiltshire.  A  frag- 
ment (m)  on  the  right-hand  side  of  the  dorsal  surface  extends  from 
the  lateral  boundary  of  the  body  almost  to  the  median  line  of  this 
surface.  Its  lateral  portion  is  of  a  very  pale  reddish-brown  tint, 
but  this  colour  becomes  more  intense  towards  the  middle  of  the 
dorsal  surface,  where  it  is  of  a  rich  reddish-brown  colour.  This 
does  not  appear  to  be  a  stain,  but  is  probably  due  to  the  original 
colour  of  the  mantle.  The  lateral  portion  shows  the  usual  transverse 
striation,  but  the  median  portion  bears  also  longitudinal  wrinkles. 

The  body  was  provided  with  lateral  expansions  or  fins,  as  seen  on 
both  the  right-  and  left-hand  sides  of  the  specimen.  These  seem  to 
have  been  divided  into  a  large  anterior  portion  and  a  much  smaller 
posterior  part.  That  on  the  right-hand  side  is  the  more  nearly 
complete;  its  posterior  portion  is  trapezoidal  in  outline,  antero- 
posteriorly  it  measures  9  mm.,  its  width  at  the  middle  being  19  mm. 
Its  posterior  boundary  (/')  is  very  slightly  waved  and  nearly  at 
right  angles  to  the  median  line  of  the  body.  It  arises  from  the 
body  at  about  3mm.  in  advance  of  the  posterior  end;  and  at  a  dis- 
tance of  about  20*5  mm.  from  the  boundary  of  the  body  it  curves 
abniptly  forward,  and  passes  almost  at  right  angles  to  its  previous 
direction  to  meet  the  posterior  boundary  of  the  anterior  larger 
portion  of  the  lateral  expansion.  This  posterior  boundary  of  the 
anterior  portion  cannot  be  made  out  close  to  the  general  outline 
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of  the  body,  bo  that  the  anterior  part  appears  to  have  been 
possibly  for  a  width  of  about  5  mm.  continuous  with  the  posterior 
portion.  This  boundary  curves  gently  outwards  and  upwards 
to  the  edge  of  the  slab  contaifiing  the  fossil.  The  width  of  the 
expansion  that  is  preserved  is  about  37  mm.;  it  is  fairly  smooth, 
with  very  obscure  transverse  striation,  the  rest  of  the  surface 
of  the  slab  being  somewhat  roughened  and  also  of  a  lighter  colour; 
its  outer  boundary  was  removed  in  reducing  the  specimen  before 
it  came  into  the  National  Collection.  ITie  anterior  boundary  (/) 
seems  to  be  indicated  by  a  faint  line  of  oolour  arising  from  the 
margin  of  the  body  at  a  point  56*5 mm.  from  the  posterior  end; 
it  curves  outwards  and  rather  abruptly  forwards,  and  can  be  traced 
for  about  17  mm.  The  antero-posterior  length  of  this  expansion  at 
the  margin  of  the  body  is  44  mm. 

On  the  left-hand  side  of  the  specimen  a  portion  of  the  lateral 
expansion  is  also  shown,  but  unfortunately  a  much  greater  part  than 
on  the  right-hand  side  has  been  removed  in  reducing  the  slab. 
The  posterior  portion  has  about  the  same  an tero- posterior  dimension 
as  on  the  other  side,  but  appears  to  have  been  only  about  12*5  mm. 
wide;  its  posterior  boundary  {f)y  which  is  well  preserved,  is 
slightly  curved  and  nearly  at  right  angles  to  the  median  line  of 
the  body.  On  this  side,  too,  the  posterior  boundary  of  the  anterior 
larger  portion  cannot  be  traced  to  the  margin  of  the  body,  and 
appears  to  suppoi-t  the  idea  that  the  two  portions  of  the  lateral 
expansion  were  continuous  for  a  short  distance  from  the  margin  of 
the  body.  The  posterior  boundary*  of  the  larger  portion  curves  like 
that  on  the  opposite  side  of  the  hotly,  but  is  intercepted  by  the  ed^ 
of  the  slab  at  a  width  of  about  16  mm.  The  anterior  boundary  (/) 
arises  at  about  57'5  mm.  from  the  posterior  extremity  of  the  hotly, 
passes  outwards  and  upwards  to  the  edge  of  the  slab  at  an  angle  of 
about  46°  with  the  median  line  of  the  body. 

Only  portions  of  the  internal  shell  are  preserved,  viz.,  the  anterior 
portion,  part  of  one  of  the  sides,  the  greater  part  of  one  of  the 
wing-like  expansions,  and  the  impression  of  the  other  expansion, 
but  these  are  quite  sufficient  to  indicate  the  complete  outline  of  the 
shell.  It  is  lanoeolate-oval  in  form,  96  mm.  long  and  29  mm.  in 
width,  excluding  the  lateral  expansions,  llie  hinder  three-sevenths 
(about  40mm.)  is  provided  with  wing-like  expansions;  its  greatest 
width,  including  these,  is  41  mm.  at  ahout  28  mm.  from  the  posterior 
extremity.  There  is  no  trace  of  the  ink-bag.  The  head,  with  the 
arras,  has  a  length  of  86  mm.  The  greatest  width  of  the  head  is 
31  mm.  On  the  right-hand  side  there  is  a  mass  of  oalcite,  a  portion 
of  which  possibly  occupies  what  was  the  orbital  cavity  («).  About 
in  the  centre  of  the  head  there  is  a  triangular  indentation  (6),  having 
its  apex  directed  forward  and  a  little  to  the  right  side;  this  is 
without  doubt  the  impression  of  one  of  the  mandibles  or  ''  beaks." 

Eight  arms  can  be  made  out ;  they  do  not  differ  greatly  in  size. 
There  appears  to  be  no  trace  of  the  tentacular  ai'ms,  but  such  may 

*  This  is  8cart)ely  yisible  in  the  figure. 
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nevertheless  have  heen  present,  for  in  the  living  Sepia  officinalis 
''the  tentaonlar  arms  remain  contracted  within  the  otbers  when  in 
repose."^  The  two  dorsal  arms  are  about  70mm.  long  and  6mm. 
wide  at  their  base;  for  a  short  distance  they  taper  rather  rapidly, 
then  much  more  gradually  to  their  extremities.  The  next  pair  is 
a  little  longer  and  a  little  more  robust  The  third  pair  is  about 
the  same  as  the  first,  and  the  fourth  or  ventral  pair  a  little  shorter 
and  less  robust  than  the  first.  A  marked  irregularity  in  the  outline 
of  the  inner  surface  of  the  arms  is  doubtless  due  to  the  presence  of 
small  aoetabula  or  **  suckers/'  but  there  are  no  indications  of  hooks. 
The  first  and  second  arms  on  either  sidd  seem  to  have  been  united 
for  some  short  extent  (perhaps  one-third  of  their  length)  by  a  web- 
like membrane,  which  probably  also  connected  some  of  the  other 
arms,  but  this  appears  not  to  have  united  the  bases  of  the  two 
dorsal  arms. 

Dr.  A.  Wagner,  in  his  memoir  already  alluded  to,  groups  all  the 
examples  of  Coecoteuthis  which  have  been  described  from  the  Litho- 
graphic Stone  into  one  species,  viz.  C.  haBii/ormia,  recognizing 
amongst  them  three  varieties — (i)  var.  minor,  (ii)  var.  media,  and 
(iii)  var.  maxima.  Fortunately  in  the  specimen  described  above,  the 
shell  is  preserved  so  that  it  can  be  readily  compared  with  the  species 
which  have  already  been  described.  It  is  referable  to  Wagner's  var. 
minor, 

EXPLANATION   OF   PLATE  XIV. 

tu.  The  first  (dorsal)  and  second  arms  of  the  right  side,  showing  acetabula  or 

**  suckers  **  on  their  inner  snrfaces. 
u.    Membrane  uniting  the  bases  of  the  first  (dorsal)  and  second  arms  on  either  side. 
b.    Impression  of  beak  or  mandible. 

e.  Probable  position  of  eye. 

t.  Anterior  extremity  of  shell. 

tn.  Portion  of  mantle,  exhibiting  wrinkles  and  traces  of  colour. 

/.  Anterior  boundary  of  lateral  fin  on  either  side. 

f.  Posterior  boundary  of  same. 

Slightly  reduced  from  the  original. 


IV. — The  Seabou  for  Uintacrinus  in  England  and  Westphalia. 

By  F.  A.  Batheb,  M.A., 
Assistant  ia  the  British  Museum  (Natural  History). 

ris  just  a  score  of  years  since  the  unstalked  crinoid  Uintacrinue 
was  discovered,  almost  simultaneously,  in  the  Niobrara  Chalk  of 
Kansas  and  the  Lower  Senonian  of  Westphalia.  The  American 
specimens  were  described  by  Grinnell  and  Meek,  while  the  single 
European  specimen  was  exhaustively  discussed  by  Schlueter.  Of 
recent  years  further  specimens,  in  a  better  state  of  preservation, 
have  been  found  in  Kansas,  and  a  slab  purchased  by  the  British 
Museum  enabled  me  to  make  a  more  detailed  study,  the  results  of 
which  were  published  in  the  Proceedings  of  the  Zoological  Society 
(voL    1893,   pp.  974-1004,   pis.   liv-lvi,  April,  1896).     But  as  to 

1  Tryon,  **  Manual  of  Conchology,"  vol.  i,  1879,  p.  68. 
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the  occarrcpoe  of  UimiacrimmM  in  Earope,  our  kDOwledg^e  at  the 
beginning  of  1696  remained  as  in  1876;  not  eTen  from  Bed^liiig- 
haoaen,  the  original  Westphalian  locality,  had  another  fragment 
been  obtained.  It  may  therefore  be  a  ■orpriae  to  many  to  learn 
that  UiMtacrimus  is  one  of  the  commonest  foaails  of  the  MarwupiUt 
tone,  not  only  in  the  Marlstone  of  Westphalia,  but  in  the  Chalk  of 
oar  own  island,  and  probably  at  the  same  horixon  in  «  good  many 
other  countries. 

It  was  in  March  last  that  Mr.  C.  D.  Sherbom  biongfat  to  me  firom 
Dr.  A.  W.  Kowe,  of  Margate,  a  few  scattered  plates,  supposed  to 
belong  to  a  small  MartupiUs.  I  saw  at  once  that  they  belonged 
to  UimtacrimuM,  though  the  species  was  uncertain;  and  haTing 
obtained  two  days'  leave  for  the  purpose,  I  aet  off  for  llaigats, 
on  Dr.  Bowe*s  invitation,  to  examine  his  collection  and  to  search 
the  cliffs.  Dr.  Bo  we  has  several  fragments  showing  the  plates 
in  juxtaposition,  and  these  fully  confirmed  my  opinion.  More- 
over, a  search,  with  the  help  of  Mr.  Sherbom,  Dr.  Bowe,  and 
my  wife,  showed  that  along  the  cliffs  east  of  Margate,  next  to 
columnals  of  Bourgueticrinus,  cup-plates  and  brachials  of  I^aiamasf 
were  the  commonest  fossils.  We  did  not  find  it  in  the  same  places 
as  Mar8upiU$  and  Eehimoeonfi  tcuiaitu,  although  Dr.  Rowe  says  that 
he  has  found  it  in  various  localities  west  of  Margate,  associated 
with  Marsupites.  In  any  case  it  occurs  at  the  horizon  of  AeUwh 
eamax  verms. 

Another  diligent  collector,  Mr.  C.  Griffith,  of  Winchester  College, 
showed  roe,  last  July,  plates  from  the  railway-cutting  west  of 
Grately  station,  near  Atulover,  and  from  a  pit  one  mile  north-east 
of  W  her  well  railway  station,  which  undoubtedly  belonged  to 
Uintacrinus,  Among  the  associated  fossils  were  said  to  be  Bourgueti' 
criuuB,  Actinocamax  verus,  Micraster  cor-angHinum^  and  Echinocoryn. 

Clearly,  then,  Uinta crinus 'waa  common  enough  in  England;  but 
the  fragments  had,  for  the  most  part,  been  disdained  by  collectons 
or  relegated  to  **  Marsupites  ?  "  Thus,  in  the  Wetherell  CoUectioa 
at  the  British  Museum  there  are  Uintacrinus  plates  from  the  north 
of  Kent,  which  had  been  labelled  MarsnpiUSt  and  which,  when 
rapidly  sorting  the  collection  some  eight  years  ago,  I  had  set  aside 
as  belonging  to  an  undetermined  genus. 

These  discoveries  suggested  that  Uintacrinus  could  not  be  so  rare 
at  Recklinghausen  ;  so  when  the  holidays  came,  off  we  went  thither, 
visiting  Bonn,  Professor  Schlueter,  and  the  type-specimen  on  the  wa^. 

It  is  not  easy  to  collect  fossils  at  Recklinghausen.  The  rock  is 
a  glauconiferous  sandstone,  the  grains  of  which  are  cemented  by 
carbonate  of  lime,  and  coloured  a  greenish-gray  by  carbonate  of 
iron.  When  freshly  quarried  it  is  a  hard,  massive  stone ;  but  ex- 
posure to  the  atmosphere  rapidly  dissolves  the  lime  and  decomposes 
the  iron  carbonate,  leaving  eventually  a  loose  sand,  coloured  reddish- 
brown  or  yellow  by  iron  peroxide.  The  rock  is  therefore  useless 
for  building  purposes  and  for  road-metal,  and  is  not  quarried  in 
a  regular  manner,  although  there  are  a  few  pits  in  some  unfossiliferous 
d  that  seems  to  have  arisen  from  the  decomposition  and  perhaps 
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partial  erosion  of  the  hard  rock.  Fortunately  the  soil  requires 
occasional  replenishing  with  lirae,  and  this  is  supplied  by  scattering 
over  the  fields  lumps  of  the  fresh  rock,  such  as  may  be  obtainable 
from  any  casual  openings.  Such  lumps  and  openings  are  the 
collector's  only  hope. 

I  reserve  a  statement  of  the  yarious  localities  searched  by  us,  and 
the  fossils  there  found,  for  a  future  detailed  description  of  the 
European  specimens  of  Uintacrinus.  The  main  result  is  that  at 
Becklinghausen,  as  at  Margate,  Uintacrtnus  is,  next  to  Bourgueitcrinus^ 
the  commonest  fossil.  It  occurs,  associated  with  Aciinocamax  verus 
and  A.  quadrattts ;  but,  as  at  Margate,  we  found  no  Marsupites.  The 
greater  number  of  the  remains  consist  of  scattered  cup-plates  and 
brachials,  differing  only  in  colour  from  those  so  common  in  the 
Margate  Chalk.  This  was  all  that  I  expected  to  find,  so  that  I  was 
all  the  more  delighted  when  my  wife  discovered  at  the  junction  of 
the  humus  and  the  sand,  in  a  small  roadside  cutting  east  of  the 
railway  station,  a  complete  cup  of  Uintacrinu8,  less  perfect  than 
the  type- specimen  as  regards  the  arms,  but  more  perfect  in  its 
base  and  the  important  interbrachial  areas.  The  specimen  was 
extracted  with  great  care,  delicately  laid  in  a  round  tin  box,  and 
packed  in  with  fine  dry  sand.  Thus  it  travelled  safely  until  its 
loose  substance  could  be  hardened  with  water-glass. 

The  object  of  this  note  is  to  draw  the  attention  of  those  who 
collect  Upper  Cretaceous  fossils  to  this  abundant  species,  which  has 
been  so  strangely  overlooked.  If  they  have  not  already  in  their 
collections,  they  will  doubtless  find  in  the  Lower  Senonian  of  their 
neighbourhood,  flattish,  thin  plates,  usually  of  pentagonal  or  tetra- 
gonal outline,  and  marked  on  the  inner  surface  with  wide  grooves 
radiating  from  the  centre  to  the  sides,  not  to  the  angles.  Associated 
with  these  they  will  find  brachials,  often  characterized  by  a  diagonal 
fnlcral  ridge,  as  figured  in  the  paper  above  referred  to.  I  shall  have 
pleasure  in  sending  a  copy  of  that  paper  to  anyone  who  will  look 
out  for  UintacrintUf  and  will  lend  me  the  specimens  he  finds. 

Possibly  with  this  assistance  many  important  questions  may  be 
solved.  We  want  to  know,  first,  if  there  are  really  two  species  of 
Uintacrtnus,  as  has  been  supposed ;  and  if  both  are  represented  in 
Europe;  or  if  the  European  specimens  belong  to  the  American 
species :  this  can  only  be  decided  by  the  comparison  of  many 
specimens.  Secondly,  we  have  to  determine  the  geological  and 
geographical  range  of  Uintacrinua  in  Europe :  for  this,  details  of 
its  occurrence,  and  especially  of  the  associated  fossils,  are  desired. 
Does  it  really  belong  to  the  Marsupites  zone  ?  Thirdly,  when  this 
knowledge  is  obtained,  we  may  be  able  to  throw  light  on  the 
correlation  of  the  Cretaceous  rocks  in  America  and  Europe,  and 
to  distinguish  further  between  synchronism  and  homotaxis.  Other 
questions  there  are  of  morphological  and  bionomio  interest;  but 
1  hope  enough  has  already  been  said  to  kindle  in  the  breasts  of 
geologists  some  enthusiasm  for  Uintacrtnus. 
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y. — Recent  Disooveries  of  Fossil  Plavts  nr  AmoDimrA. 
(Extract  of  a  Letter  from  Dr.  F.  Kubtz,  National  Aoademy  of 
Sciences,  Cordoba,  Argentine  Republic.) 

Communicated  by  W.  T.  Blaxporo. 

[The  following  is  an  extract  from  a  letter  jnat  reoeired  from 
Dr.  Kurtz,  who  first  discovered  and  described  a  Lower  Goodwana 
(Glo8iopteri$)  flora  in  Argentina  abont  two  years  ago.  His  paper 
was  published  in  Spanish  in  the  Revista  del  Museo  de  La  Plata, 
Tol.  vi,  and  a  translation  in  English  was  inserted  by  Mr.  Qrieshach, 
Director  of  the  Geological  Survey  of  India,  in  the  Reoorda  of  the 
Survey,  vol.  xzviii,  1895,  pt  8,  p.  111.  Shortly  afterwards,  Pro- 
fessor Zeiller  added  some  very  important  and  remarkable  fscts 
showing  the  occurrence  of  the  same  flora,  associated  with  Lepido- 
dendron,  in  Southern  Brazil ;  and  I  wrote,  at  Mr.  Griesbaoh's 
request,  a  brief  comment  on  the  data  so  far  aocomulated  for  the 
Records  of  the  Geological  Survey  of  India,  in  the  May  number  of 
which,  for  the  present  year,  my  note  was  published.  Dr.  Kurtz's 
letter,  containing  several  very  interesting  additions  to  our  know- 
leilge  of  the  Argentine  fossil  floras,  was  written  on  the  receipt  of 
my  paper,  and  as  he  has  kindly  allowed  me  to  make  the  facts 
known,  I  have  much  pleasure  in  doing  so,  by  permission  of  the 
Editor  of  the  Gbologioal  Magazine.— W.  T.  B.] 

rilHE  most  important  addition  to  the  fossil  flora  of  the  Bajo  de 
i.  Velis  (which  locality  I  visited  from  Dec.,  1894,  to  Maroh.  1895) 
is  the  discovery  of  Rhipidopsis  gingkoid^s,  Schmalh.,  and  B,  dentt- 
nerviSy  Fstm.,  each  represented  by  well-preserved  leaves  and 
numerous  fruits.  Both  species  are  met  wilh  in  the  Damudas  of 
India — B.  deiiMnervis  in  the  Eaniganj  (Kamthi  group),  B.  gtnghoidet 
in  the  Barakar  (Duranga  Coalfield),  the  latter  together  with 
Cyclopitys  dichotoma^  Fstm.  (this  curious  type  was  detected  by 
my  friend  and  colleague,  Dr.  Boden bender,  in  the  Sierra  de  Los 
Llanos,  in  the  south  of  the  province  of  La  Rioja). 

Schmalhausen  described  his  Bhipidopsis  gingkoides  from  deposits 
at  the  Petscbora,  which  he  considered  to  be  of  Jurassic  age,  but 
which  will  l>e  more  properly  associated  wilh  the  Permian,  as 
already  pointed  out  by  Mr.  C.  Kosmovsky.^  [1  am  almost  convinced 
that  the  splendid  Zamiopteris  glossopteroideSf  Schmalh.  (Mem.  Ac 
Sci.  Petersbg.,  ser.  vii,  vol.  xxvii.  No.  4,  pi.  xiv,  1-3),  from  the  Lower 
Tunguska,  occurring  there  with  Noggerathiopsis  (=  BhiptozamiieSt 
Schmalh.),  is  a  true  Glossopteris,']  Besides  the  two  species  of  Bhipi' 
dopsis,  I  found  splendid  and  complete  specimens  of  Equtsetiies 
MorenianuSf  Kurtz,  proving  this  plant  to  belong  to  one  of  the  larger 
species  of  Equiseiites  (the  joints  of  the  stem  being  3  cm.  long  and 
nearly  as  broad). 

During  various  expeditions   to  the   Sierra  de  Los   Llanos,  Dr. 

^  C.  Kosmovsky,  "  Quelqiies  mots  rut  les  couches  h.  vegr^taux  fossUes  dans  la 
Kussio  orientale  et  dans  la  Siberie'' :  Bull.  Soc.  Imp.  Xat.  de  Moscoa,  1891,  No.  !> 
pp.  170-7. 
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Bodenbender  oolleoted  the  following  fossil  plants   (besides  some 
doubtful  ones) : — 

Neuroptertdium  validum,  Fstm.  (abundant). 

Glossopteris  commnnis,  Fstm.,  or  an  allied  form  (the  first  Olossopteris 

in  America  ;  rather  common). 

■  retifera,  Fstm.  I  (rare). 
Phyllotheca,  sp.  (common). 

Lepidodendron  Pedroanum  (Carruthers),  Szajnocha.^ 

■  Stembergiif      Brong.      (together     with     Ndggerathiopsis 

Bislopif   Fstm.). 
Cyclopiiys  dichotoma,  Fstm. 

Near  Carizal,  in  the  Sierra  Famatina,  province  of  La  Bioja, 
Bodenbender  met  with  a  splendid  fern — Sphenopteris,  sp.  nov.  (ex 
off,  S.flexibilis,  Heer) — and  Fhyllotheca,  sp. 

Furthermore,  at  Trapiche,  near  Guandacul,  in  the  same  province, 
he  detected  a  beautiful  Lepidodendron  (stem  and  leaves,  but  the  leaf- 
scars  unfortunately  not  well  preserved),  which  I  take  to  be  Lepido- 
phloios  laricinuSt  Sternb.  (also  found  in  Bio  Grande  do  Sul  with 
GangamopteriB  cydopteroides,  Fstm.,  var.  attenuataf  Fstm.),  together 
with  Netiropteridium  validum,  Fstm.,  the  Lepidophloios  occurring  in 
strata  overlying  that  containing  Neuropteridium. 

My  friend  Dr.  Bodenbender  regards  all  these  deposits  of  Bajo 
de  Velis,  Pampa  de  Anzalan  (=  Sierra  de  Los  Llanos),  Sierra  de 
La  Bioja  (Vilgo,  Amanao,  Saladillas),  Curizal,  and  Trapiohe,'  as 
belonging  to  the  same  horizon,  which  he  calls  Permo-Carbon- 
iferons,  only  making  a  stratigraphioal  difference  between  Carizal 
with  Trapiche  on  one  side  and  all  the  other  localities  on  the  other 
side.  This  is  a  geological  question  with  which  I  have  not  to  deal, 
but,  speaking  in  a  purely  botanical  sense,  I  should  discern  at 
least  two  local  horizons,  the  first  represented  by  the  Bajo  de  Velis 
alone,  the  other  by  the  rest.  The  differences  and  similarities  of 
these  two  groups  are  as  follows  : — 

1.  Common  to  both  are  Neuroptertdium  validum  (very  scarce  in  the 
Bajo  de  Velis,  abundant  in  the  Sierra  de  Los  Llanos,  scarce  at 
Trapiche)  and  Ndggerathiopsis  Hislopi  (abundant  in  the  Bajo  de 
Velis,  very  common  in  the  Sierra  de  Los  Llanos). 

2.  At  the  Bajo  de  Velis  alone  were  found  :  Oangamopteris  cyclo- 
pteroides  (not  very  frequently),  Equisetif£S  Morenianus  (not  very 
frequently),  Euryphyllum  Whittyanum,  Fstm.  (one  leaf,  which  I 
described  as  a  variety  of  Noggerathiopsis,  but  which  Zeiller,  Lc, 
thinks  may  be  Euryphyllum),  and  the  two  Bhipidopsis,  On  the  other 
hand,  we  know  only  from  the  Sierra  de  Los  Llanos,  etc.,  the  two 
species  of  Olossopteris,  the  Fhyllothecas  (abundant),  the  Lepidoden- 
drons,  and  the  Cyclopiiys,     There  remain  the  Sphenopteris  and  the 

^  The  plant  from  Retavisto,  in  the  proTince  of  San  Jnan,  which  Szajnocha 
(Sitzungsher.  Ak.  Wiss.  Wien,  Bd.  C,  Abth.  i,  p.  6)  considered  to  be  this  species, 
belongs  rather  to  a  tvpe  of  the  Culm,  perhaps  to  Z.  Volkmanni,  Sternb.  (R. 
Zeiller,  Bull.  Soc  Geol.  France,  J.  xxiii,  1896,  p.  608.) 

-  He  is  rather  inclined  even  to  include  Retavisto,  which  I  take  to  be  Lower  Car- 
boniferous (Culm). 
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Lepidophloios  of  the  nortberQ  deposits,  distingaished  stratigTapbiotll 
by  Bodenbender  (wbo  will  put  fortb  bis  views  in  two  memoirs— on 
in  our  Boletin,  with  a  number  of  sections:    the  other  in  Gernuku 
accompanying  a  paper    by   Professor  E.   Kayser,   describing   tl^e 
Devonian   fossils  collected   by   Bodenbender).     The  little  diagram 
(Table  A)  at  the  end  will  perhaps  explain  the  state  of  the  flora 
better  than  my  description. 

From  Cacheuta,  in  the  province  of  Mendoza.  we  have  received 
two  beautiful  collections  of  fossil  plants  made  under  the  direction  of 
Mr.  E.  Glaser,  formerly  Director  of  Petroleum  Mines  at  that  place. 
We  had  also  smaller  collections  made  by  Dr.  L.  Brachebusch  and  by 
Dr.  Bodenbender. 

The  principal  species  of  this  deposit  are  : — 

Dancea,  sp.  no  v.  (a  splendid  fern). 

Asplenium  Whitby ense  (Brong.),  Heer  (not  rare). 

SphenoptertB  elongata,  Carruthers  (rather  common). 

Thinn/eldia  odontopteroides  (Morris),  Fstm.  (abundant).^ 

lanci/olia  (Morris),  Szajn.  (abundant). 

Bravardia  Mendozensis,  Hanthal  (perhaps  the  fruit-bearing  state  of 

a  Thinnfeldia,  the   only  indusia   visible  quite  re- 
sembling those  of  Aspidiuniy  sect  Polystichum). 

Pecopteris  ienuin^  Schouw. 

Oleandridium  Mareyesiacum  (Gein.),  Kurtz  (not  rare). 

sp.  nov.  (common). 

Podozamites  elongatus  (Morris),  Fstm.,  var.  latior,  Fstm.  (common). 

ZamileSf  sp.  nov. 

SphenozamiteSf  sp.  nov. 

Pterophyllum,    sp.    nov.    (ex    off.    P.    Camalliam,    Gopp.,    rather 

common). 

BaterOf  sp.  nov.  (common). 

Cardiopteris  Juheriy  Szajn.,  justly  removed  from  this  old  Culm  genufl 

by  Nalhorst  {FtUozamiieSy  Z.  Nath.),  proves  to  be 
nothing  but  a  little  curious  form  of  Thinnfeldia 
land  folia,  Szajnocha.  As  you  remarked  in  the 
"  Records,"  the  character  of  the  Cacheuta  flora 
is  Australian  and  African,  and  has  hardly'  anything 
in  common  with  the  higher  Indian  Gondwana  floras. 

The  last  discovery  of  fossil  plants,  made  by  Dr.  Jose  A.  Salas,  of 
Mendoza,  a  very  zealous  examiner  of  coal-mines  in  the  Conlillera, 
furnished  me  with  a  small  collection  of  types,  derived  from  the 
mines  of  "  Del  Transito  "  on  the  Rio  Atuel  (southern  part  of  the 
province  of  Mendoza),  which  prove  the  existence  there  of  something 
like  a  Rajmahal  flora.  The  plants  I  have  been  able  to  determine 
lip  to  the  present  are  as  follows  (in  the  same  region  were  found 
Liassic  animals) : — 

Asplenium  Whitbyense  (Brong.),  Ileer. 
MacroteniopieriSf  sp. 

*  The  Thinnfeldia  odontopteroides  of  the  Upper  Gondw&nas  is — as  far  as  one  mij 
judge  from  the  drawings  in  the  Gondw&na  Flora  (Pal.  Ind.) — rather  a  doabtfol  form. 
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OUandridinm  vittatum  (Brong.),  Sobimper  (?). 

Fterophyllum  princepa,  Oldham  &  Morris  (?  P.  MorrUianum^  Oldh., 

if  these  two  are  distiact  species  I). 
Fterophyllum  Bajmahalense,  Morris. 
Palaozamia  of.  brevi/olia,  Braun. 
PiilophyUum,  sp. 
Walchia,  sp. 

Finally,  I  should  like  to  call  year  attention  to  the  papers  of  my 
friend  U.  von  Jhering  (now  Director  of  the  Museum  Paulista  in 
Sao  Paulo,  Brazil)  bearing  upon  the  old  Mesozoic  relations  of  South 
America  with  New  Zealand  and  Australia — ''  Die  geograpbische 
Verbeitung  der  Flussmuscbeln"  (Das  Ausland,  1890,  Nos.  48 
and  49)  and  ''  Ueber  die  alten  Beziehungen  zwischen  Neuseeland 
und  Sudamerika"  {ihidf  1891,  No.  18) — if  you  are  not  already 
acquainted  with  them. 

Table  (A)  referred  to  above  (see  p.  448). 

Bajo  de  Yelis.  Sierra  de  Los  Llanos,  Sierra 

de  la  Rioja  (Vilgo,  Amanao). 

Neuropteridtum  validumy  Fstra. 

Glosaopieria  commumSf  Fstm.  (?). 

retifera,  Fstm. 

Gangamoptens  cyclopter aides,  Fstm. 

Phylloiheea. 
Equiaettlea  Morenianus,  Kurtz. 

Leptdodendron  Pedroanum,  Szajn. 

Sternbergi,  Brong. 

Noggerathtopsis  Hialopi,  Fstm. 
?  Euryphyllum  Whittianumt  Fstm.  (?). 
Bhipidopsis  gingkoidesy  Schmalh. 

denainervts,  Fstm. 

CyclopHys  dichotoma,  Fstm. 

Academia  Nacional  Dr.  F.  Kurtz. 
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VI. — The  Chalky  and  other  Post-Tertiary  Clays  of  Eastern 

England. 

By  Sir  Henry  H.  Howohth,  K.C.I.E.,  M.P.,  F.R.S.,  F.G.S. 

• 

AMONG  the  so-called  Glacial  beds,  none  fills  a  larger  place  in 
geological  literature  than  the  Chalky  Clay  of  Eastern  England. 
I  prefer  to  call  it  the  Chalky  Clay,  as  Searles  Wood  named  it, 
rather  than  the  Chalky  Boulder-clay,  because  boulders  in  the  true 
sense  of  the  word,  such  as  characterize  the  genuine  Boulder-clays  of 
North  Britain,  are  infrequent  in  it.  The  term  Chalky  applied  to 
this  clay  depends  on  the  fact  that  it  is  more  or  less  crowded  with 
chalk  rubble  and  chalk  fragments  of  various  sizes,  and  that  it  has 
also  incorporated  in  it  a  considerable  quantity  of  chalk  dust,  whence 
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ooloar  and  saperficial  appearance.  These  pecaliarities,  whidi 
irk  it  over  a  wide  area  from  Torkshire  to  Finohley,  and  from 
uthwold  to  Warwickshire,  are,  nevertheless,  a  secondary,  and  not 
primary,  feature  of  the  clay,  and  have  disguised  and  oonfased  Uie 
)blem  of  its  explanation. 

[t  has  been  noticed  by  several  writers  that,  while  there  ii  a 
nmon  appearance  to  this  clay  wherever  found,  due  to  the  fact 
it  it  contains  much  debris  of  chalk  strata,  yet  that  in  r^ard 
its  other  contents,  and  notably  its  matrix,  it  varies  in  aooordanoe 
th  the  composition  of  the  beds  over  which  it  lies,  that  is,  with  the 
^stratum.     This  fact  has  been  frequently  noticed,  and  was,  so  far 

1  know,  first  observed  by  the  Rev.  W.  B.  Clarke,  who,  writing  as 

'  back  as  1837,  says : — *'  The  diluvial  clay  covers  a  great  portion 

Suffolk,  Norfolk,  Cambridgeshire,  and  Essex,  and  at  Cromer  rises 

400  feet;  much  of  it  is  yellowish,  but  the  greater  part  blue. 

both  cases  it  contains  chalk  pebbles,  sometimes  in  layers,  bat 

aerally  dispersed.  This  at  onoe  distinguishes  it  from  the  London 
\  Plastic  Clays."  Mr.  Clarke  then  goes  on  to  ai^ue  that  "the 
How  clay  was  derived  from  the  plastic,  and  the  blue,  from  its 
suliar  fossils,  from  the  clay  below  the  Chalk  "  (6eol.  Transactions, 
•.  II,  V,  p.  365). 

These  observations  of  a  very  good  geologist  have  been  amply 
ifirmed  by  later  explorers.  Thus  Mr.  Skertchly  says,  speaking 
the  Chalk,  the  Eimeridge  and  Oxford  Clays:— '*  We  find  that 
)  Boulder-clay  lying  upon  these  rocks  partakes  of  their  physical 
iracter.  Thus,  upon  the  Chalk  the  Boulder-clay  is  very  chalky, 
[1,  indeed,  in  some  places,  as  at  Mareham  le  Feu  in  Lincolnshire, 
i  Thetford  in  Norfolk,  it  is  almost  entirely  made  up  of  that 
38tance ;  at  the  former  place  it  is  quarried  and  burnt  for  lime, 
i  at  the  latter  the  presence  of  seams  of  clay  and  ice-scratched 
its  alone  enables  us  to  discriminate  between  it  and  the  chalk 
leath.  The  Kimraeridge  Clay  is  darker  than  the  Oxford  Clay, 
1  we  accordingly  find  the  Boulder-clay  which  reposes  upon  the 
mer  is  darker  than  that  which  lies  upon  the  latter.  Where  boulders 
»  rare,  it  is  sometimes  very  difficult  to  distinguish  the  Boulder- 
y  from  the  older  rocks."  ("  Great  Ice  Age,"  new  ed.,  p.  346.) 
'he  Gault  clay  again  takes  the  ground  in  but  a  small  area 
the  Fens,  but  the  Boulder-clay  *  picks  it  out  '  as  it  were, 
1  at  Modney  Bridge  brickyard,  near  Hilgay,  for  example,  I  have 
own  the  glacial  bed  to  be  mistaken  for  Gault  by  persons  quite 
iiiliar  with  the  latter."  **  Similar  remarks,"  says  Mr.  Skertchly, 
pply  to  all  other  formations  upon  which  I  have  mapped  Boulder- 
y.  For  example,  the  light-blue  Upper  Lias  Clay  of  Leicestershire 
presses  its  character  upon  the  Boulder-clay  which  overlies  it,  and 
>  other  members  of  the  Liassic  group,  where  they  are  in  force, 
lave  in  a  similar  manner.  The  Great  Lincolnshire  (Inferior)  Oolite 
nestone  around  Melton  Mowbray  yields  so  large  a  quantity  of 
terial  to  the  Boulder-clay  there,  that  I  have  been  in  doubt  as 
whether  the  deposit  might  not  be  faulted  limestone.  These 
luliarities  are  at  once  and  correctly  expressed  by  the  statement 
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that  the  ingredients  of  the  Boulder-olay  are,  for  the  most  part, 
supplied  by  rooks,  upon  or  near  whioh  it  reposes.  That  this  is 
aotiially  the  case,  and  not  an  accident  of  colour,  is  further  attested 
by  the  included  fossils;  Gryphaa  dilataia  and  Belemnitea  Oweniij 
for  example,  are  abundant  upon  the  Oxford  Clay,  and  Oatraa 
deltoidea  upon  the  Eimmeridge  Clay."  (Skertchly,  communication 
to  Geikie's  "  Great  Ice  Age,"  new  ed.,  p.  346.) 

It  is  curious  that  those  writers  who  have  been  most  ready  to 
concede  this  change  in  the  Chalky  Clay,  in  accordance  with  its 
substratum,  have  not  gone  a  step  further,  and  also  seen  that  the 
chalky  character  itself  of  the  clay  in  certain  districts  is  simply 
due  to  its  being  upon,  or  in  close  proximity  to,  the  Chalk  in  situ, 
and  that  there  is  no  justification  for  constituting  the  Chalky  Clay 
a  separate  horizon.  It  is  because  the  Chalk  occupies  so  much  of 
the  area,  and  is  itself  so  easily  disintegrated,  that  the  name 
Chalky  Clay,  rather  than  Oolitic  Clay  or  Liassic  Clay,  has  been 
not  improperly  given  to  it 

That  this  feature  of  the  Chalky  Clay  is  due  entirely  to  its  lying 
upon  or  close  to  chalk,  is  also  proved  by  another  feature  of  its 
distribution,  which  is  interesting  for  more  than  one  reason,  and 
which  has  not  been  sufficiently  noticed.  In  the  first  place,  the 
Chalky  Clay  is,  so  far  as  I  know,  largely  confined  to  Eastern 
England,  and  is  found  nowhere  else  in  the  world,  pointing  to 
there  not  being  the  actual  conditions  elsewhere  which  prevail 
here.  But  this  is  not  all.  Mr.  Searles  Wood,  jun.,  once  published 
a  little  map  roughly  defining  the  area  in  which  it  occurs.  A  larger 
and  more  detailed  map  is  appended  to  a  manuscript  memoir  of 
his  in  the  possession  of  the  Geological  Society,  but  it  has  only 
been  since  the  detailed  plotting  and  mapping  of  this  area  by  the 
Geological  Survey  that  it  has  been  possible  to  define  its  frontiers, 
and  it  would  be  very  useful  to  us  all  if  the  results  thus  obtained 
were  set  out  on  a  map  of  moderate  dimensions. 

It  will  be  seen  that  the  distribution  of  the  Chalky  Clay,  when 
thus  viewed  as  a  whole,  is  very  remarkable.  In  the  first  place,  it 
is  entirely  an  inland  deposit  with  duly  circumscribed  limits  and 
boundaries.  It  really  occui*s  in  several  detached  masses — two  of 
them  in  Lincolnshire,  one  in  Yorkshire  of  no  great  importance, 
and  a  fourth  covering  more  or  less  an  area  of  several  hundred  square 
miles  round  the  depression  of  the  Fens. 

In  each  case  the  area  occupied  by  the  Clay  is  an  insular  area, 
separated  from  the  sea  by  other  surface  beds.  At  one  point  only — 
and  this  is  clearly  accidental,  and  due  to  the  recent  cutting  back 
of  the  coast — does  the  Chalky  Clay  look  down  on  the  sea.  In 
Lincolnshire  it  is  only  found  to  the  west  of  the  Lincolnshire 
Wolds;  while  in  its  great  homeland  further  south  it  is  separated 
from  the  sea  on  all  sides  by  beds  of  Crag  and  of  so-called  contorted 
beds — Middle  Glacial  beds,  eto.  This  is  the  case  all  round  the 
coasts  of  Norfolk,  Suffolk,  and  Essex,  and  in  the  low-lying  northern 
frontier  of  the  marshes  and  peat-lands  of  the  Wash.  To  the  south 
it  thioB  out,  and  virtually  ends  with  the  hills  bordering  the  Thames 
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on  the  north.  In  the  west  its  limits  have  not  been  qaite  defined, 
but  it  occurs  abundantly  in  Leioebtershire  and  Rutland,  in  Bedford- 
shire and  Buckinghamshire,  in  Nottinghamshire,  and  parts  of  Stafford- 
shire and  Warwickshire ;  on  all  sides  it  is  limited,  however,  bj 
other  beds,  and  forms  a  great  conoentrio  ribbon  or  ring  round  the 
Fen  country. 

The  lesson  I  wish  to  deduce  from  these  faots  is,  that  the  chalky 
nature  of  this  clay  in  certain  places  is  no  criterion  of  a  separate 
origin  and  a  separate  history  for  the  deposit.  It  means  no  more 
than  that  the  same  clay,  where  it  lies  on  or  near  chalk,  is  chalky ; 
where  it  lies  on  or  near  Oolitic  beds,  is  largely  Oolitio  ;  and  where  it 
lies  on  or  near  Liassic  beds,  is  Liassia  Where,  again,  it  is  remote  from 
chalk,  chalk  debris  is  necessarily  not  present  in  it,  and  yet  the  clays 
may  be,  and  probably  are,  of  the  same  age,  produced  by  the  same 
forces,  and  differentiated  from  each  other  only  as  the  sandy  deposits 
of  one  part  of  a  bay  are  differentiated  from  the  muddy  deposits  of 
another  part  of  it; — the  fact  is  that  the  Chalky  Clay,  which,  in 
the  eyes  of  so  many  geologists,  forms  a  deposit  which  is  treated 
as  8ui  generiSf  and  as  marking  a  particular  horizon,  is  nothing  of 
the  kind,  but,  as  I  believe,  is  merely  a  local  form  of  other  clays 
occurring  in  Eastern  England,  which  do  not  contain  chalk  debris, 
but  which  resemble  it  in  other  I'espects,  and  which  are,  so  far  as  we 
know,  interlocked  with  it  or  mark  the  same  horizon.  This  very 
fact,  however,  involves  an  issue  of  importance ;  for  it  may  well  be 
that  where  the  chalk  d6bris  was  not  available  for  incorporation  in 
the  clay,  the  clay  itself  may  be  of  precisely  the  same  age,  and  be 
otherwise  continuous  with  the  Chalky  Clay ;  and  that  instead  of 
there  being  several  superficial  clays  in  Eastern  England,  whose 
various  names,  such  as  Stony  Clay,  or  Hessle  Clay,  or  Purple 
(^lay.  etc.,  suggest  a  varying  origin,  there  may  be  only  one  such 
clay,  nijirked  in  different  areas  by  necessarily  different  characters, 
pointing,  not  to  a  different  date,  but  to  different  ingredients,  and 
perhaps  a  different  provenance. 

Two  Boulder -clays  have  been  described  from  Norfolk  —  the 
Upper  or  Chalky  Boulder-clay  and  the  stony  loam  or  Lower 
Boulder-clay.  The  difficulty  of  separating  the  two  may  be  judged 
from  the  following  sentence  of  Mr.  H.  B.  Woodward.  He  says: 
— *•  So  little  brick-earth  is  met  with  that  for  a  long  time  I  could 
not  settle  in  my  mind  whether  or  not  the  Chalky  Boulder-clay 
was  distinct  from  the  stony  loam.  The  absence  or  rarity  of 
this  formation  where  the  Lower  Glacial  brick-earth  was  well 
developed  seemed  to  favour  the  notion.  The  apparent  passage 
of  stony  loam  into  chalky  loam  at  the  brickyard  in  Long  John's 
Road,  also  in  the  railway -cuttings  north-west  of  Hapten;  the 
difficulty  in  the  parishes  of  Post  wick,  Brundall,  and  Plumstead  of 
drawing  a  line  between  the  Chalky  Boulder-clay  and  the  stony  loam, 
where  the  two  seem  from  their  physical  relations  to  merge  one 
into  the  other,  tended  to  support  the  supposition  that  they  were 
but  one  formation.**  Mr.  Woodward  quotes  the  pits  at  Upton  Ham- 
lington  and  South  Walsham  as  throwing  some  light  on  the  subject 


The  Ckalkp  and  other  Clays  of  Ea»tetn  England.  453 

("Gool.  of  Norwich."  p.  103).  Thifl  light,  it  mnst  be  admitted, 
is  a  very  Biusll  one,  and  he  cODfeaaei  tUat  it  illuatratoa  the  nn- 
certainty  of  their  development.  Both  beds  oootain  chalk  rubble ; 
in  aorae  oases  patches  of  very  chalky  clay  appear  in  the  atony 
loam  ;  and  towards  Cromer,  and  further  west,  near  Weybourn,  these 
marly  beds  are  worked  for  lime.  SometimeH  the  beds  in  this  stnny 
luani  are  well  stratified  and  laminated,  and  often  inland,  as  well  as 
on  the  coast,  exhibit  many  and  remarkable  contortions.  Hence  the 
term  contorted  drift  applied  by  Lyell.  These  oontortions  inolnde 
masses  or  galls  of  sand  and  gravel. 

One  featnre,  supposed  to  distinguish  the  Chalky  Clay  from  the 
slony  loam,  is  the  absence  of  shell  tragmeots,  but,  as  Mr.  Woodward 
says — "It  is  by  no  means  improbable  that  the  stronger  shells  of  the 
Crag  period,  suoh  as  Cgpriaa  hlandica,  might  be  caught  up  and 
preserved  in  it,  as  well  as  Liassic  and  other  older  fossils,  or  as  ihe 
shells  of  the  Kiineridge  and  Oxford  Clays.  And.  indeed,  shell 
fragments  have  been  noticed  by  Messrs.  Bennett,  Blake,  Skertchly, 
Keiil,  and  myself,  in  the  Boulder-olay  at  Flordon,  and  near  Rocklaml 
St.  Mary"  (id.,  p.  115).  Mr.  Woodward  himself  oonfeeses  that  at 
Burlingham  the  Chalky  Boulder-clay  is  muob  obscured  by  a  loamy 
soil,  so  that  it  is  difSuult  to  distinguish  it  from  the  Lower  Olaeinl 
brick-earth  (id.,  p.  119),  which  is  surely  an  inversion  of  matters  if 
tbe  distinction  is  to  be  maintained. 

Let  ua  now  turn  elsewhere.  The  Lincolnshire  Wolds,  as  is  well 
known,  separate  the  Chalky  Clay  of  Lincolnshire  from  what  I  may 
call  the  maritime  clays.  Here,  again,  it  is  di£Bcult  to  assign 
a  different  horizon  to  the  Wo.  It  was  remarked  long  ago  that 
the  clity  in  Lincolnshire  is  often  without  chalk  where  remote  from 
the  Chalk  Wolds  (Geul.  Mem.  N.  Lino,  and  S.  Yorkshire).  While 
Mr.  Jukea-Browue  separates  the  Boulder-clays  of  South-west 
Lincolnshire  into  an  older  and  younger  Boulder-clay,  he  sajs  some 
of  his  colleagues  who  had  worked  in  that  and  adjoining  areas 
regaril  the  Bouhler-ulays  as  approximately  of  the  same  age  (Mem. 
S.W.  Line,  p.  74). 

"In  East  Lincolnshire,"  says  Mr.  Jukes-Browne,  "there  are  only 
three  localities  where  the  brown  Boulder-clay  comes  in  contact 
with  the  white  Boulder-oluy ";  and  he  concludes,  after  examining 
tbera,  that  tbe  appearances  at  those  places  are  not  ai^ainHt  the 
supposition  that  the  brown  clays  pass  into  the  Chalky  Clay. 
Mr.  Bulman  says  the  separation  of  tbe  Chalky  Clay  and  the 
Purple  Clays  of  the  Eastern  Counties  seems  to  have  been  made 
on  arbitrary  grounds.  They  do  not  occur  in  tbe  same  district, 
being  separated  by  the  Wolds.  (Gkol.  Mag.  1891,  p.  34o,) 
Mr.  Jukes-Bi'owne  similarly  shows  that  the  so-called  Purple 
Clay  and  the  Hessle  Clay  graduate  into  each  other,  and  that  tliere 
is  no  break  between  them  (id.).  Mr.  D.  Mackintosh  speaks  of  the 
Purple  Clay  of  East  Yorkshire  as  horizontally  continuous  with  the 
Chalky  Clay  of  Lincolnshire  {Q.J.O.S.,  vol.  xxxvi,  p.  1B7). 

Young  and  Bird  long  ago  discriminated  the  three  Bouldor-clays 
of  Yorkabire,  which  are  superficially  marked  by  certain  characters. 
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but  whicb  they  adroit)  as  do  more  recent  explorers,  pass  into  eftch 
otber.  Thus  they  say  of  the  most  distinct  of  the  three,  the  so-called 
basement  clay — a  bluish  or  blflckish,  tenacious  day,  forming  the 
lowest  visible  portion  of  the  cliffs  in  Holdemess  and  elsewhere:— 
**  As  the  brown  clay  passes  into  the  ash-coloured,  so  the  latter  passes 
into  the  blue  clay,  whicb  often  occurs  in  patches  rather  than  a 
distinot  bed.  Indeed,  all  the  three  kinds  of  clay  are  often  seen 
banded  together  in  one  mass,  but  we  generally  find  tbe  brown  clay 
npperraost,  the  ash-coloured  in  the  middle,  and  the  blue,  tenacious 
clay  in  the  lowest  place.*'     {Op.  cit,  pp.  17,  18.) 

Mr.  C.  Reid,  who  is  disposed  to  postulate  two  Bonlder-clays 
in  Holderness,  separated  by  gravel,  in  some  cases  by  fosKiliferoas 
gravel,  says :  "  It  is  also  interesting  to  find  that  this  Boulder-clay" 
[underlying  the  fossiliferous  gravel  in  one  pit]  **  is,  in  its  lithological 
character,  quite  indistinguishable  from  the  newer  chalky  and  purple 
Boulder-clay  which  overlies  the  gravel  further  east."  This  is  in  the 
valley  of  Croxton.  He  also  mentions  how,  south  of  Laceby,  "the 
gravels  suddenly  thin  out  and  the  two  Boulder-clays  come  together." 

At  Grimsby  the  sections  **  showed  two  Boulder-clays,  purple  and 
chalky,  and  exactly  alike,  separated  sometimes  by  a  mere  line  of 
division,  sometimes  by  gravelly  sand,  in  which  fragments  of  inter- 
(jrlacial  shells  were  found.  Though  the  sections  were  examined 
til  most  daily,  not  the  slightest  difference  could  be  detected  between 
the  two  Boulder-clays,  either  in  their  matrix  or  their  included 
boulders."     (C.  Reid,  Line,  and  Yorks.  Surv.  Mem.,  pp.  169,  170.) 

This  will  suffice  to  show  that,  essenjtially,  the  Boulder-clays  of 
Eastern  Enjjland  are  of  one  age,  and  graduate  into  each  other. 
Their  peculiarities  are  local,  due  to  local  causes,  and  mark  only 
superficial  differenticBt  and  do  not  justify  their  being  assigned  to 
different  j^eriods.  Their  difference  of  contents  depends  very  largely 
on  their  covering  a  different  kind  of  substratum.  The  element  and 
factor  which  unites  them  is  the  presence  in  them  all  of  a  certain 
number  of  foreign  stones  and  d^hris,  having,  apparently,  a  common 
origin,  and  pointing  to  a  common  explanation. 

Let  us  now  turn  to  the  contents  of  the  clays,  and  especially 
of  the  Chalky  Clay.  The  first  ingredient  of  these  clays  which  is 
noticeable  is  the  clay  itself,  and  1  cannot  help  remarking  that  it 
is  a  pity  the  Geological  Surveyors,  in  the  various  memoirs  they  have 
given  us  on  the  so-called  Glacial  beds,  have  not  given  us  more 
analyses  of  the  clays.  One  fact  seems  certain,  namely,  that  the 
clayey  matrix  of  these  so-called  Glacial  clays  is  not  an  original 
product,  but  a  derivative  one.  That  is  to  say,  it  was  in  the  state 
of  clay  before  it  was  mixed  with  the  ingredients  which  it  now 
contains,  and  was  directly  derived  from  various  Secondary  and 
Tertiary  clays  already  formed :  the  Speeton  and  other  clays  of 
Yorkshire  supplied  the  main  part  of  the  Yorkshire  so-called 
Bonlder-clays ;  the  Kimeridge  and  Oxford  Clays,  together  with 
tlie  variegated  Reading  and  other  Eocene  beds  of  the  Fen  country, 
supplying  the  clays  further  south.  It  was  because  these  clays  are 
exposed  in  Eastern  England,  and  not  elsewhere,  that  we  have  the 
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lo-oalled  Glacial  beds  so  largely  composed  of  clay  there.  The 
clayey  matrix  referred  to  was  not  only  derivative,  bat  it  was  derivetl 
from  beds  close  by,  and,  so  far  as  we  know,  was  home-grown,  and 
not  imported  from  abroad. 

As  to  the  other  ingredients  of  the  so-called  Glacial  clays ;  these 
consist  of  two  entirely  different  sets  of  materials — namely,  the 
indigenous  and  home-grown  on  the  one  hand,  and  the  foreigners 
or  erratics  on  the  other.  It  has  been  calculated  by  more  than 
one  observer  that  over  90  per  cent  of  the  stones  found  in  the 
Chalky  Clay  are  of  home  growth ;  and  it  is  probable  that  in  all  the 
clays  of  Eastern  England  generally  referred  to  the  so-called  Glacial 
age,  the  proportion  of  home-grown  boulders  or  stones  is  very  largely 
indeed  in  excess  of  the  strangers  and  foreigners. 

The  first  and  most  important  fact,  therefore,  to  remember  is  that, 
over  a  very  large  area  in  Eastern  England,  the  contents  of  the 
so-called  Glacial  clays,  both  the  matrix  and  the  stones  in  them,  are 
of  local  origiu  and  not  imported.  Most  of  the  writers  on  these 
clays  have  been  so  impressed  by  the  importance  of  these  strangers 
which  form  barely  a  tithe  of  the  contents  of  the  clays,  that  they  have 
neglected  the  more  essential  and  more  important  lessons  to  be 
derived  from  an  examination  of  the  local  and  home-grown  ingredients 
which  they  contain.  I  propose  in  this  paper  to  entirely  neglect  the 
foreigners,  and  to  converge  attention  upon  the  natives,  reserving  the 
discussion  of  the  former  for  another  occasion. 

These  natives  consist  of  two  entirely  different  classes.  One  class 
comprises  more  or  less  angular  rubble,  with  its  angles  frequently 
blunted,  and  with  the  rude  facets  on  its  polygonal  blocks  often 
scratched ;  the  other  consisting  of  pebbles  rolled  perfectly  smooth,  and 
of  various  sizes,  resembling  sea-  and  river-shingle,  these  latter  chiefly 
composed  of  flints  and  of  quartzites,  flints  predominating  greatly. 

There  can  be  no  doubt  whatever  that  these  latter  are  the  debris 
of  marine  and  fluviatile  shingles.  It  has  apparently  been  argued 
by  some  that  they  were  formed  as  pebbles  during  the  so-called 
Glacial  period.  I  believe  this  to  be  a  complete  mistake,  and,  so 
far  as  my  own  observations  go— and  I  have  worked  pretty  hard 
among  them — they  all  seem  to  me  to  be  derivative,  and  to  be  the 
debris  of  disintegrated  Tertiary  gravel  and  pebble  beds.  This  view 
has  been  growing  of  late  years. 

Hutton,  so  far  as  I  know,  was  the  first  to  suggest  that  such  gravels 
may  have  been  the  debris  of  the  disintegration  of  older  shingle 
beds.  Thus  he  argues  that  these  water- worn  materials  had  their 
great  roundness  from  the  attrition  caused  by  the  waves  of  the  sea 
upon  some  former  coast,  and  that,  after  having  been  thus  formed  by 
agitation  on  the  Bhores,  and  transported  into  the  deep,  this  gravel 
contributed  to  the  formation  of  Secondary  strata,  such  as  the 
pudding-stone  he  elsewhere  described ;  and,  lastly,  that  it  was 
'*from  the  decay  and  revolution  of  these  Secondary  strata,  in  the 
wasting  operations  of  the  surface,  that  have  come  those  round 
siliceous  bodies  which  could  not  be  thus  worn  by  travelling  in  the 
longest  river."     ("  Theory  of  the  Earth,"  vol.  ii,  p.  144,  note.) 
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Tbis  Tiew  his  beeo  fwrtiAlIj  nrged  bj  Prestwi^,  and  notablr 
bj  Monckton.  Hem««L  an  i  the  other  Tonnger  geologisti  who  hate 
Hone  lo  moch  to  noFaTel  the  history  of  the  Soathem  grmTelt. 
I  would  merelj  press  their  c^DcIations  farther,  and  affirm  that  all 
the  rolled  and  rc'an'ieti  pehbles  in  the  so-called  Glacial  clays  and 
^n^Tela  are  derirative.  and  h&Te  been  derived  from  earlier  Tertiary 
l.«da.  1  shall  hare  more  to  say  of  them  in  a  rabeeqaent  paper 
on  the  gravels  and  sands  m  freqriently  asaociated  with  the  clays. 

Taming  from  tbe  polished  pebbles  to  the  angidar  and  snbangalar 
rabble  of  home-made  rocks,  this  consists  of  Tarioos  kinds  of 
Secondary  strata.  Lias.  Oolite,  and  Chalk,  distribnted  generally  with 
a  preponderance  of  Lias.  Oolite,  and  Chalk  fragments  when  tbe 
underlying  beds  correspond.     These  fragments,  which  have  been 

rrtially  shifted,  and  rolled  and  nibbed  against  each  other,  are,  as 
bare  tried  to  argae  in  two  recent  papers  in  the  Geological 
Magazine,  the  result  entirely  of  the  violent  dislocation  of  tbe 
local  Lias.  Oolite,  and  Chalk  solid  beds,  which  has  broken  them 
up  sometimes  into  great  masses,  and  at  others  into  mere  road- 
metal.  This  disintegrated  nibble  was,  in  my  view,  ready  made 
when  the  clay  was  compounded,  and  was  in  a  large  measure  is  stVu; 
and  the  only  alteration  it  underwent  at  the  time  when  it  was  pot 
into  the  portentous  chum  which  turned  out  the  chalky  and  other 
clays  of  Eastern  England,  was  to  have  its  angles  blunted  and  its 
sides  scratched  and  polished  by  being  rolled  and  rubbed  together. 
This  seems  as  plain  as  plain  can  be  if  we  are  to  explain  the  facts 
by  inductive  methods. 

Whatever  the  forces  or  the  machinery  which  mixed  and  dis- 
tributed the  so-called  Boulder-clays  of  Eastern  England,  they  had 
nothing  to  do  with  shaping  the  home-grown  ingredients  of  the 
clays.  These,  with  the  exception  of  a  little  blunting  of  angles 
and  polishing  and  some  scratching,  were  already  made,  and  are 
derivative.  The  process  we  have  to  analyze,  therefore,  is  not 
complicated  by  questions  as  to  the  modus  operandi  by  which  the 
matrix  of  the  clay  itself  and  its  contents  were  formed,  but  is 
limited  to  an  explanation  of  how  these  ingredients  were  mixed 
and  mingled  together  as  we  find  them ;  and,  secondly,  how  the 
j)roduot,  when  mixed,  was  distribnted.  What  is  most  plain, 
in  limine^  is  that,  as  the  matrix  of  the  clay  and  nine- tenths  of  its 
contents  are  local,  it  was  fashioned  on  the  spot,  and  was  not  im- 
j)orted.  This  follows  from  another  fact  I  have  examined  the  coast 
of  Norfolk  and  Suffolk  with  some  care,  and  in  those  counties, 
as  I  have  said,  the  Chalky  Clny  never  reaches  the  sea,  but 
ooonpies  the  projecting  bluffs  that  form  the  highlands  a  few  miles 
inland,  while  the  country  between  them  and  the  soa  is  occupied  by 
the  pebbly  beds ;  the  same  is  the  case  in  Essex.  This  makes  it  clear 
that  the  Chalky  Clay,  whioh  occupies  the  larger  part  of  the  interior 
of  those  counties,  did  not  move  westward  from  the  seaboard,  but 
fh>m  the  north  or  north-west,  whence  the  chalk  fragments 
oky  itself  were  derived.  This  is  again  shown  by  the  fact 
ohj  in  Su£folk  contains  so  many  Liassio  fossils.     What  is 
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trae  of  the  eastern  boundary  of  the  Chalky  Clay  is  true  also  of 
its  southern,  western,  and  northern  boundaries.  The  same  con- 
clusion follows  from  the  complete  absence  of  any  shells  or  other 
marine  debris  from  the  Chalky  Clay,  showing  it  to  have  been  an 
inland  product  of  the  denudation  of  local  beds;  and  the  evidence 
seems  clear  that  whatever  mixed  and  distributed  the  clay,  the 
work  itself  was  done  on  the  spot. 

Let  us  now  examine  the  clay  a  little  more  closely. 

The  local  stony  rubble  in  the  so-called  Glacial  clays  of  Eastern 
England  is  dispersed  irregularly  throughout  the  matrix.  As  has 
been  frequently  noted,  the  preoailtng  rock  fragments  in  any  district 
depends  upon  the  substratum,  but  in  every  district  known  to  me 
the  rocks  of  other  districts  are  represented.  This  means  that  what- 
ever force  or  engine  mixed  the  clays  as  we  find  them,  it  must 
have  been  one  that  could  take  up  fragments  of  rock  from  the 
north  and  east  and  west,  and  move  them  in  directions  opposite  and 
contrary  to  each  other.  The  great  cauldron  in  which  the  clay  was 
mingled  must  have  been  occupied  by  some  very  powerful  mobile 
machinery,  which  did  not  move  in  direct  lines,  but  could  move  in 
various  directions,  and  thus  bring  together  and  mix  together  the 
debris  from  the  four  points  of  the  compass  in  one  common  medley, 
and  having  done  so,  could  distribute  it  in  the  fashion  we  see  it 
distributed  now.  What  force  or  machinery  was  competent  to  effect 
this  extraordinary  work  ? 

A  considerable  number  of  geologists  unhesitatingly  attribute  the 
formation  and  its  distribution  to  ice,  and,  in  fact,  point  to  this  clay 
and  instance  it  as  one  of  the  most  remarkable  proofs  of  ice-action  in 
this  country.  I  absolutely  traverse  this  position :  not  only  does 
it  seem  to  me  that  the  Chalky  Clay  was  not  distributed  by  ice, 
but  I  would  go  further  and  say  that  I  cannot  understand 
how  ice  in  any  shape  can  have  formed  and  distributed  it; 
and  it  is  a  very  remarkable  fact  that  those  who  have  chiefly 
championed  the  cause  of  ice  in  this  particular  instance,  are  those 
who  have  never  seen  ice  at  work  at  all  in  Nature,  while  those  who 
have  so  seen  and  studied  it  are  unanimous,  or  almost  unanimously 
of  opinion,  that  nowhere  in  Nature  is  ice- work  of  the  kind  postulated 
to  be  found  now  going  on  anywhere. 

The  champions  of  ice  have  invoked  it  in  several  forms.  Some  of 
them  invoke  a  foreign  ice-sheet  coming  partly  from  Durham  and 
partly  from  Scandinavia.  This  is  supposed  to  be  necessitated  as 
a  postulate  by  the  presence  in  these  clays  of  the  foreign  stones 
whose  provenance  has  been  deduced  from  Durham  and  Scandinavia 
respectively.  We  shall  have  more  to  say  to  this  when  we  consider 
the  foreign  stones.  At  present  wo  are  dealing  with  the  local  ones 
only,  and  their  distribution.  Suppose  that  we  can  postulate  such 
a  foreign  ice-sheet  coming  down,  say,  in  Lincolnshire  and  the 
Fenland  and  their  borders,  what  is  the  work  which  it  must  have 
been  capable  of  doing  when  it  reached  England  in  order  to  explain 
the  Chalky  Clay.  This  vast,  almost  rigid,  mass  of  ice  pressed  on 
from  behiudy  it  is  presumed,  by  some  tremendous  vis  a  tergo,  and 
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moving,  if  it  moved  like  any  ice  known  to  hb  along  definite  lines 
of  least  resistance,  must,  when  it  reached  England,  have  taken  to 
sportively  moving  in  all  directions  at  once,  not  only  towards  its 
outward  circumference  sporadically,  but  also  from  its  oiroumference 
inwards,  in  order  to  move  the  Oolitic  and  Lias  fragments  of  Rutland, 
Northamptonshire,  and  Leicestershire,  to  the  heights  near  Soath- 
wold,  in  Suffolk,  the  Red  Chalk,  carstone,  and  the  limestones 
of  Lincolnshire,  far  to  the  south  of  Gambri()ge,  and  the  chalky 
fragments  of  the  chalk  exposures  far  to  the  west  into  middle 
England ;  and  must  have  been  capable  of  doing  all  these  things  at 
the  same  time,  drawing  in  its  scattered  tribute  to  a  common  cauldron, 
and  then  distributing  it,  when  mixed,  as  we  see  it  distribated  from 
Essex  to  Warwickshire.  Have  the  fantastic  attributes  of  man  ever 
conceived  a  more  preposterous  mechanical  process,  and  has  science 
ever  been  burdened  with  such  absurdities  before  ? 

Assuredly  these  facts  make  it  impossible  for  those  whose  science 
is  inductive  to  explain  the  mixing  of  the  clays  and  their  subsequent 
distribution  by  means  of  a  foreign  ice-sheet;  and  by  foreign  I  mean 
here  an  ice-sheet,  whencesoever  derived,  which  has  invaded  Eastern 
England  from  the  outside. 

If  we  discard  a  foreign  ice-sheet  as  the  explanation  of  the  Chalky 
Clay,  shall  we  be  any  better  off  in  making  an  appeal  to  a  local 
glacier,  or  a  series  of  local  glaciers,  as  Searles  Wood  and  others 
have  done?  In  the  first  place,  it  must  be  remembered  that  such 
a  local  glacier  does  not  in  any  way  explain  the  crux  of  the  position, 
namely,  the  presence  of  the  foreign  stones.  Not  only  so,  but  if 
the  area  occupied  by  the  Chalky  Clay  were  occupied  by  local  glaciers, 
how  could  it  possibly  be  inva<led  by  the  foreigners  at  all  ?  The 
presence  of  the  local  ice-sheet  would  form  as  complete  a  barrier 
to  the  introduction  of  foreign  stones  as  a  stone  wall  to  the  passage 
of  the  wind.  This  difiiculty  seems  to  have  been  entirely  over- 
looked. 

Let  us  jmss  on,  however.  The  next  difficulty  is  to  understand 
how  such  a  local  ice-sheet  or  local  glacier  could  be  formed  at  all  in 
the  area  in  question  when  there  are  no  mountains,  and  only  low 
rolling  downs.  Glaciers,  as  we  know  them,  gather  on  high 
ground,  and  descend  into  the  valleys.  If  it  were  a  local  glacier 
which  occupied  the  wolds  of  Lincolnshire,  and  thence  distributed 
the  products  of  its  denuding  agency,  how  comes  it,  again,  that  the 
debris  of  these  chalk  hills  should  be  so  different  on  the  east  side 
of  them  to  what  it  is  on  the  west?  and  how  are  we  to  account  for 
the  absence  of  chalk  f ragmen ta  in  the  beds  to  the  east  of  these 
ri<lge8?  but  apart  from  this,  how  are  we  to  postulate  glaciers  as 
existing  on  lands  so  slightly  elevated  as  are  these  wolds  ?  Where 
is  the  gathering-ground  for  such  glaciers  to  be  found  here  ?  The 
same  argument  applies  to  the  wolds  of  Norfolk  or  Yorkshire.  K 
they  were  covered  with  local  glaciers,  how  comes  it  that  this 
ice  shed  such  very  different  materials  from  their  eastern  and 
western  flanks  re8i>ectively  ?  But  suppose  we  got  our  local  glaciers, 
each  one  crowning  a  different  set  of  wolds,  and  moving  outwards, 
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how  can  we  possibly  explain  the  colleoting  of  stones  from  the  east 
and  the  west,  and  the  north,  from  areas  entirely  outside  these  local 
glaciers  and  their  influence,  and  their  distributing  the  mixed 
products  far  and  wide  right  over  the  very  areas  supposed  to  have 
been  occupied  by  the  local  glaciers  ? 

Again,  if  the  country  were  more  or  less  blanketed  by  ice,  either 
by  a  foreii^n  ice-sheet  or  local  glaciers,  whence  could  the  stones 
have  been  derived  at  all  ?  There  are  no  high  mountains  in  Eastern 
England  whose  peaks  would  have  pr(»jected  above  the  ice,  and  been 
broken  and  weathered  oflf  to  supply  materials  in  this  fashion.  If  the 
ice  produced  the  disintegration,  it  must  have  been  by  digging  up  and 
excavating  its  own  bed,  and  not  in  the  fashion  in  which  moraines 
are  formetl.  Now  this  process  of  excavating  a  bed  of  rock  under- 
neath a  moving  mass  of  very  heavy  ice  is  not  only  mechanically 
incredible,  but  it  is  quite  unsupported  by  any  facts  known  to  me, 
and  is  quite  repudiated  by  Professor  Bonney  and  others  whose 
experience  of  ice  is  very  much  greater  and  more  intimate  than 
mine ;  and  here  we  have  to  do,  not  with  a  local  phenomenon 
occupying  a  few  square  yards  or  acres,  but  with  a  stupendous  one 
involving  the  digging  out  and  removing  of  wide  stretches  of  rock, 
not  in  the  form  of  mud  or  powder,  but  in  some  c€ises  of  great 
lumps  and  blocks  of  chalk  and  oolitic  rock,  over  a  wide  area. 
Whether  the  ice  postulated  be  foreign  ice  or  native  ice,  it  is 
equally  impossible  to  understand  how  it  could  work  in  this  fashion. 

If  we  turn  to  the  stones  themselves,  we  shall  have  our  view 
confirmed.  True  glacier- rubbed  stones  acquire  a  very  curious 
contour,  that  is,  so  far  as  I  know,  never  present  in  these  chalk 
lumps  of  the  Chalky  Clay.  In  the  case  of  all  soft  stones  like  chalk, 
they  are  rubbed  down  on  two  sides  into  flat  cakes,  so  as  to  have 
two  parallel  faces,  which  are  much  scratched  and  furrowed,  having, 
in  fact,  been  used  by  the  glacier  as  the  ''skid"  of  a  coach  is  used. 
Thes^  are  the  real  products  of  ice  rubbing  on  soft  stones,  as  known 
to  myself  in  glacier  districts,  but  such  stones  are  markedly  absent 
here.  The  stones  in  the  Chalky  Clay,  etc.,  are  as  polygonal  as  those 
made  by  the  stone-breakers  on  the  highway,  differing  from  such 
stones  only  in  the  fact  that  they  range  in  size  from  dust  up  to 
masses  many  scores  of  feet  long,  and  also  in  having  their  surface 
smoothed  and  their  angles  blunted.  These  are  in  no  sense  glacier 
stones.  It  is  true  that  occasionally  some  are  found  which  are 
scored  and  scratched,  but  those  who  appeal  to  these  sporadic  stones 
forget  that  whatever  drove  the  clay  along,  if  the  movement  were 
quick  and  two  stones  rubbed  against  each  other,  scratches  or  marks 
of  rubbing  must  have  ensued  in  such  soft  materials  as  chalk. 
Those  who  have  examined  the  debris  of  such  catastrophes  as  the 
Holraforth  flood,  etc.,  have  noticed  how  invariably  some  of  the 
stones  are  scored  and  scratched.  It  has  been  said  that  such  stones 
are  veiy  scarce  in  shingles  made  by  seas  and  rivers.  Of  course 
they  are,  because  these  shingles  are  formed  of  smoothed  hard  stones, 
like  flint  and  chert  and  quartzite,  which  cannot  scratch  each  other 

ily,  but  only  rub  each  other  down.     Where  a  number  of  angular 
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stones,  such  as  ballast,  lie  on  a  beaoh,  and  are  examined  after  a  gale, 
soratches  and  groovings  can  always  be  found.  Professor  Hughes, 
in  an  admirable  paper  published  by  the  Cambridge  Philosophical 
Society,  has  shown  to  how  many  adventitious  causes  such  scratches 
can  be  traced ;  and  "  it  is  a  long  way  to  Loch  Awe "  when  we 
invoke  an  ice-sheet  or  local  icebergs  to  account  for  a  few  scratches 
on  soft  chalk  stones,  which  are  themselves  otherwise  absolutely 
different  to  true  glacier  stones,  and  have  been  clearly  rolled  and 
had  their  angles  blunted  by  some  other  cause  than  ice.  If  the 
smaller  lumps  are  difficult  to  explain  by  glacier  action,  a  fortiori^ 
as  I  have  before  argued,  are  the  large  masses,  such  as  those  in  the 
contorted  drift  near  Cromer,  at  Ely,  in  Rutlandshire,  and  the 
great  masses  of  oolite  in  Lincolnshire,  not  only  detached  from  their 
matrix  but  underlain  by  other  so-called  glacial  deposits,  and  this, 
according  to  the  land-ice  hypothesis,  all  done  under  the  tremendous 
pressure  of  such  a  heavy  foot  as  its  own  gravid  mass.  It  must  be 
remembered  also  that  among  these  very  large  transported  rocks 
are,  in  some  cases,  great  lumps  of  clay  and  of  stratified  sand, 
which  have  been  moved  en  masse,  and  if  moved  under  an  ice-sheet 
must  have  been  pounded  and  kneaded  into  a  mere  medley,  and  not 
had  their  lines  of  stratification  intact.  In  these  cases,  at  all  events, 
the  portage  of  the  soft  boulders  must  have  been  under  the  heavy 
foot  of  the  ice,  and  not  on  its  back. 

Let  us  turn  to  another  argument.  In  all  glaciers  known  to  me, 
the  glacier  products  are  distributed  in  a  certain  definite  way.  which 
at  every  point  is  different  to  that  of  the  clays  of  Eastern  England. 
Instead  of  being  deposited  in  enormously  thick  masses  near  the 
focus  of  distribution,  and  gradually  thinning  out,  glaciers  deposit 
their  greatest  burdens  at  their  furthest  point  in  the  form  of 
mounds  and  ramparts  and  moraines.  To  a  glacier  it  is  indifferent 
whether  a  stone  is  big  or  small ;  big  and  little  travel  together,  nor  do 
we  find  the  whole  country,  irrespective  of  its  contour,  as  we  do  in 
this  case,  mantled  and  covered  with  continuous  sheets  of  clay,  which 
differs  in  texture  and  in  aspect  from  all  moraine  matter  known  to  roe. 

It  was  apparently  the  absence  of  anything  like  moraines  which 
so  impressed  the  late  Professor  Carvill  Lewis,  one  of  the  most 
aggressive  champions  of  glacial  action,  that  he  absolutely  repudiated 
the  presence  of  traces  of  ice  in  any  form  in  East  Anglia.  If  the  ice 
here  were  an  ice-sheet,  we  may  well  ask  where  is  its  great  terminal 
moraine  ?  and,  if  it  were  in  the  form  of  local  glaciers,  where  are 
their  lateral  and  terminal  moraines? — whera  are  the  mounds  and 
heaps  of  heterogeneous  moraine  stuff  invariably  present  where 
glaciers  have  been  at  work  ? 

A^ain,  how  are  we  to  explain  by  ice  the  distribution  of  this  clay 
in  many  places  over  perfectly  horizontal  layers  of  finely  laminated 
sand  and  gravel,  with  the  laminaB  intact  and  undisturbed,  as  if  the 
clay  had  been  simply  laid  down  on  the  sands  by  some  gentle 
fingered  agency  ?  Tliis  is  quite  inconsistent  with  a  moving  mass 
of  hard  heavy  ice,  which  would  have  kneaded  and  pounded  the 
materials  into  a  mass  of  what  the  American  farmers  oaU  "  muck." 
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Moreover,  aocording  to  any  rational  meohanical  theory,  how  can 
we  account  for  the  portage  over  wide  areas  of  day,  scores  of  feet 
thick,  under  an  ice-foot  at  all  ?  How  is  it  to  seize  it  and  move  it 
en  masse  in  the  way  required  ?  It  would  surely  slip  over  itself  at 
once  if  the  attempt  were  made  to  push  it  by  means  of  a  stupendously 
weighted  and  heavy  ice-foot. 

All  these  difficulties  present  themselves  if  we  treat  the  glaciers  as 
ordinary  glaciers,  such  as  we  know  them,  moving  down  an  ordinary 
set  of  bills,  from  the  highlands  to  the  lowlands.  A  fortiori  do  the 
difficulties  become  intensified  when  the  particular  contour  of  the 
country  is  considered.  It  must  be  remembered  that  the  clayey 
matrix  of  the  great  mass  of  these  clays  only  exists  in  the  lowest 
hollows,  where  the  denudation  has  been  greatest.  It  is  thence 
that  the  Kimeridge  and  Oxford  Clays  must  have  come  to  form 
the  mass  of  the  Chalky  Clay,  and  been  thence  distributed  in 
various  directions.  It  is  in  the  low  grounds  of  the  Fen  country 
where  the  churning  and  mixing  of  the  materials  must  have 
been  carried  out,  and  it  is  thence  the  clay  must  afterwards  have 
been  sporadically  spread  out  and  scattered.  How  are  we  by  any 
stretch  of  the  imagination  to  realize  an  ice-sheet,  formed  in  the 
deep  hollow  of  the  Fenlands,  collecting  together  from  the  four 
winds  of  heaven  materials  for  the  clay,  working  and  mixing  them 
up  in  the  deepest  part  of  the  area  where  it  occurs,  and  then 
distributing  it  in  various  directions,  always  moving  uphill  from 
the  trough  on  to  the  plateau  ?  The  kind  of  reasoning  involved  is 
assuredly  going  back  to  the  dark  ages  of  science,  and  getting  away 
from  induction  altogether. 

It  does  not  seem  possible  to  me  that  those  who  have  postulated 
these  local  glaciers  have  ever  really  measured  or  thought  out  the 
conditions  under  which  they  would  work  at  all.  Mr.  Jukes- 
Browne  has  stated  some  of  the  insurmountable  difficulties  in  an 
excellent  manner.  Thus  he  says,  writing  of  the  Lincolnshire  beds  : — 
"The  Boulder-clay  is  not  disposed  in  the  manner  of  moraines,  but 
was  clearly  spread  out  as  a  universal  mantle  over  the  whole 
surface  of  the  country.  The  ice  which  produced  it  certainly  could 
not  have  been  generated  on  the  ridge  itself,  nor  on  any  of  the 
neighbouring  hill  ridges,  and  yet  the  materials  of  which  the  clay 
consists,  and  nearly  all  the  stones  it  contains,  are  essentially  local 
products  derived  from  the  rocks  in  the  immediate  neighbourhood. 
It  is  obvious  that  the  chalk  fragments  must  have  been  brought 
from  the  north-east,  the  Carboniferous  rocks  can  only  have  come 
from  the  north  or  north-west,  and  the  marlstone  blocks  travelled 
in  all  probability  from  west  or  south-west  of  the  places  where  they 

are  now  found When  we  consider  the  remarkable  distribution 

of  the  stones  and  boulders  in  the  clay  of  this  area,  the  greater 
proportion  of  chalk  detritus  on  the  eastern  slopes,  and  of  Jurassic 
detritus  on  the  western  slopes,  the  fact  that  enormous  masses  of 
marlstone  occur  many  miles  to  the  eastward  of  the  only  place 
whence  they  can  have  been  derived,  the  position  of  the  large 
boulder  of  Cornbrash,  near  Ingoldsby,  and  the  occurrence  of  Lower 
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Lias  Limestone  at  Croxton,  300  feet  above  its  leTel,  the  steep 
slopes  of  the  Oolifio  escarpment  up  which  the  ice  must  have 
passed,  the  difficnlties  in  the  way  of  applying  the  prevalent  land-ioe 
hypothesis  become  considerable."  (Mem.  S.W.  Leicestershire,  Sheet 
70,  pp.  82,  83.)  I  agree  with  every  word  of  this,  except  the  word 
'considerable,'  for  which  I  should  have  substituted  'insurmountable.' 

Land-ice  in  any  form,  therefore,  seems  quite  inoompetent  to 
account  for  the  Chalky  Clay,  nor  can  we  invoke  it  withoat  shutting 
our  eyes  to  innumerable  difficulties  which  at  once  arise.  Some 
geologists  have  therefore  had  recourse  to  floating-ice,  in  the  form 
of  icebergs,  or  to  coast-ice.  This  seems  even  a  more  desperate 
appeal.  It  first  necessitates  our  conceding  a  general  submergence 
of  the  country  where  the  Boulder-clay  is  found,  that  is,  as  far  as 
the  Thames  in  the  south  and  Warwickshire  in  the  west  Granting 
this,  how  are  we  to  solve  by  this  agency  any  of  the  critical 
difficulties  of  the  Chalky  Clay ;  its  existence  in  Linoolnshire  to  the 
west  only  of  the  Wolds ;  its  existence  everywhere  in  great  insular 
areas  separated  from  the  sea ;  the  complete  absence  of  marine  shells 
or  d6bris  from  every  place  where  it  has  been  examined  ?  How  by 
such  means  as  icebergs  or  shore-ice  can  we  explain  the  covering 
of  hundreds  of  miles  of  country  with  continuous  blankets  uf 
chalky  clay,  not  deposited  in  local  heaps  and  masses  but  in  sheets 
irrespective  of  the  contour  of  the  country,  and  in  some  cases 
deposited  in  very  deep  beds  indeed,  and  most  conspicuously  on  the 
higher  grounds  rather  than  the  valleys?  How  could  such  agencies 
collect  together  oolitic  blocks  from  Leicestershire  and  pieces  of 
hard  chalk  from  Norfolk,  and  mix  them  with  the  Oxford  or 
Kimeridge  Clays  of  the  Fenland,  or  of  the  valley  of  the  Ancholme, 
and  then  spread  them  out,  as  we  find  them  spread  out,  from  Suffolk 
in  the  east,  into  the  Central  Midlands? 

Mr.  Skertchly  has  stated  the  case  against  icebergs  with  singular 
force.  "  Icebergs,"  he  says,  **  are  the  wrecks  of  land-ice,  and  the 
rocky  material  they  carry  is  derived  from  the  gathering-grounds  of 
the  parent  ice  ;  hence,  if  the  Boulder-clay  be  iceberg  drift,  its 
components  must  be  those  of  the  distant  gathering-groundSt  and  not 
those  of  the  rocks  it  falls  upon  as  the  berg  melts  away."  He 
goes  on  to  say  that  as  the  chief  ingredient  in  the  clay  is  chalk, 
as  it  is  found  300  feet  above  the  present  sea-level,  not  only  must 
the  gathering-ground  have  been  on  chalk  but  there  must  have 
been  a  submergence  of  at  least  600  feet  This  would  convert  the 
chalk  area  into  a  number  of  small  islands,  where  it  is  not  possible 
to  understand  glaciers  gathering  at  all.  Again,  all  the  argillaceous 
matrix  of  the  Chalky  Clay  is  derived  from  the  Fenland  and  the 
valley  of  the  Kiver  Ancholme,  and  all  the  formations  whence  it 
could  be  derived  would  be  under  water.  A  more  powerful 
argument  remains  in  the  fact  that,  if  the  clay  be  of  iceberg  origin, 
it  can  have  no  relation  to  the  rocks  on  which  it  rests,  except  by 
accident ;  but  the  Chalky  Clay  does  possess  such  a  connection,  and 
the  icebergs  must  have  had  a  selective  affinity  in  shedding  their 
burdens,  by  virtue   of  which   they  preferred  to   drop  Kimeridge 
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Clay  debris  upon  Kimeridge  Clay  and  Oxford  Clay  detritus  upon 
Oxford  Clay.  The  clay  is  dark-blue  on  Kimeridge  Clay,  and 
light  upon  the  light-blue  Oxford  Clay,  besides  which  the  fossils  in 
the  olay  show  a  large  percentage  of  Kimeridge  Clay  species  where 
that  rock  lies  below,  and  of  Oxford  Clay  fossils  where  that  is  the 
subjacent  bed.  Not  only  so,  but  we  find  that  the  Kimeridge 
Chalky  Clay  invades  the  outcrop  of  the  Oxford  Chalky  Clay,  and  the 
latter  does  not  come  on  until  the  Oxford  Clay  has  fairly  taken  the 
ground.  In  like  manner  the  Boulder-clay  is  much  more  chalky 
on  the  Chalk  than  elsewhere,  and  this  feature  it  maintains  over 
the  narrow  Oreensand  outcrop,  on  to  the  Kimeridge  Clay,  as  at 
Mareham,  where  chalky  Boulder-clay  is  burned  for  lime.  It  is 
quite  impossible,  as  Skert<;hly  says,  that  icebergs  should  have 
dropped  their  burdens  so  geologically.     ("  Geology  of  the  Fenland," 

f»p.  215,  216.)  The  iceberg  theory  has,  so  far  as  I  know,  no  friends 
eft  I  have  already,  in  another  paper,  criticized  the  shore-ice 
theory,  of  which  Mr.  M.  Heade  has  been  the  champion.  He  has 
invoked  it  to  explain  the  portage  of  the  vast  blocks  which  so 
often  occur  in  the  Chalky  Clay ;  but  he  would  hardly  attribute 
to  coast- ice  the  collecting  of  the  materials  of  the  Chalky  Clay,  the 
mingling  of  them  into  the  present  medley,  and  the  distribution  of 
the  mixture  far  and  wide  over  one-third  of  England. 

Whichever  way  the  problem  is  approached,  the  intervention  of 
ice  as  a  eauaa  causana  seems  impossible.  It  was  appealed  to  in 
reality  to  explain  phenomena  whose  explanation  is  to  be  sought 
for  in  very  different  causes — (1)  the  scratching  of  certain  chalk 
masses,  a  result  which  must  have  followed  from  any  theory  of  the 
distribution  of  the  Chalk  involving  its  portage  from  one  place  to 
another,  which  we  all  concede  ;  (2)  the  presence  in  the  eastern  drifts 
of  vast  continuous  masses  of  chalk,  etc.,  which,  as  we  have  seen,  is 
due  to  an  entirely  different  cause ;  and,  lastly,  the  presence  of  the 
foreign  boulders.  This  last  fact  I  hope  to  discuss  on  another 
occasion,  when  I  should  like  to  correlate  with  the  clays  we  have 
been  discussing  the  gravels  and  so-called  Middle  Sands  of  Eastern 
England,  in  which  these  foreign  stones  also  occur.  In  the  mean- 
time the  view  I  would  press  is,  that  these  clays  present  no  single 
feature  consistent  with  their  having  been  deposited  by  ice,  nor  do 
I  know  of  any  reason  which  is  sound  for  invoking  ice  to  explain 
them.  The  view  is  held  by  others  besides  myself,  on  other  grounds. 
Thus,  Mr.  (now  Professor)  Seeley  says : — **  I  have  not  found  in  this 
locality  a  vestige  of  iceberg  action.  Of  glacier  action  the  deposits 
of  the  Fenlands  offer  no  traces,  unless  the  fragments  of  northern 
rocks  be  held  to  prove  that  one  great  glacier  stretched  from  the 
Tweed  to  the  Thames,  of  which  there  may  be  as  much  likelihood  as 
that  the  ice  of  the  Caucasus  excavated  the  Black  Sea."  (Geol.  Mao., 
1866,  Vol.  III.  p.  496.)  Mr.  Jukes- Browne's  opinion  I  have  already 
quoted,  but  the  most  unexpected  and  trenchant  view  of  all  is  that  of 
the  late  Professor  Carvill  Lewis,  who  was  one  of  the  archpriests 
of  Ultra-Glacialism,  and  who  in  regard  to  East  Anglia  emphatically 
took  the  8ume  side. 
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Crystallography  for  Begin nkrs,  with  an  Appendix  on  tbi 
Use  of  tub  Blowpipe  and  the  Determination  or  ComioH 
Minerals  (after  the  Method  of  Dr.  Albin  Weisbaoh).  By 
C.  J.  Woodward,  B.Sc.  Pp.  164,  4  Plates,  and  75  Woodcut 
Illustrations.  (Londoii :  Simpkin,  Marshall,  Hamilton,  Kent 
and  Co.,  1896.) 

THIS  work   ocmsists  of  two   parts,  really  independent  of  each 
other :  the  one  treats  of  Crystallography  (100  pages)  ;  the  other 
(termed  merely  an  Appendix,  though  extending  to  more  than  half 
the  length  of  the  first)  consists  almost  entirely  of  tables  relating 
to  the  determination  of  the  more  common  minerals.     The  author 
has  avoided  technicalities  of  expression  as  far  as  is  possible,  and 
has  aimed  throughout  at  extreme  simplicity  of  literary  style,  as  will 
be  clear  from  one  of  the  opening  sentences  of  the  First  Lesson : 
"  Put   into  a  pipkin,  or  an  earthenware   basin,  about   half  a  pint 
of   water,    and    add    two   to    three   ounces    of   the    blue   Titriol, 
and   heat  to   near   boiling."      In    spite   of  the   difficulty   insepar- 
able from  a  subject  which  involves  the  geometry  of  solid  bodies, 
the  meaning  of  the  author   is  always  evident  to  the  thoughtful 
,  reader.     In  a  brief  introduction  Mr.  Woodward   first  explains  the 
method  of  preparing  pasteboard  models  for  the  illustration  of  the 
lessons,  and  supplies  two   plates  of  "nets"   to   be  used  for  this 
purpose.     He  then  treats  successively  of  the  constancy  of  the  angles 
of  crystals,  the  idea  of  symmetry,  the  systems  of  crystallization,  the 
notation  of  forms,  the  drawing  of  crystals,  and  tlie  stereograpbic 
projection  of  poles.     The  discussion  of  the  physical  characters  of 
crystals  extends  over  only  15   pages,  and   is  followed   by  a  brief 
account  of  mero-S3*mmetry.     At  the  end  of  each  of  the  nine  lessons  is 
given  a  series  of  (pestions  for  the  mental  exercise  of  the  student,  and 
the  whole  is  illustrated  with  numerous  diagrams.     Although  some 
inaccuracies  of  statement  are  obvious  to  the  critical  e^'e,  they  are  not 
of  a  character  to  interfere  with  the  general  usefulness  of  the  book. 
The  Appendix,  as  is  stated  by  the  author,  is  virtually  an  extract 
from  the  more  complete  tables  published  by  Profes8K)r  Weisbach,  of 
Freiberg,  and   will    be   of  service   to   the  mineralogical  beginner. 
Sets   of   six    illustrative   specimens    and    some    pieces    of    simple 
apparatus  have  been  prepared  for  issue  to  students  using  the  book. 


British  Association  for  the  Advancemknt  of  Science.  Address 
TO  THE  Geological  Section  by  Professor  J.  E.  Mark,  M.A., 
F.R.S.,  Sec.G.S.,  President  of  the  Section,  Liverpool,  September  17, 
1896. 

THE  feelings  of  one  who,  being  but  little  versed  in  the  economic 
applications  of  his  Hcieuce,  is  called  uix)n  to  address  a  meeting  of 
the  Association  held  in  a  large  industrial  centre,  might,  under  ordinaiy 
circumstances,  ])e  of  no  very  pleasant  character  ;  but  I  take  courage  when 
1  remember  that  those  connected  with  my  native  coimty,  in  which  we 
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are  low  gatlioiV(l,  have  taken  prominent  part  in  advancing  branches  of 
our  fcicience  which  are  not  directly  concerned  with  industrial  affairs. 
I  am  reminded,  for  instfiuco,  that  one  amongst  you,  himself  a  busy 
professional  man,  has  in  his  book  on  *'The  Origin  of  Mountain  Ranges" 
given  to  the  wc^rld  a  theoretical  work  of  the  highest  value ;  that,  on  the 
opposite  side  of  the  county,  those  who  are  resi>ou8ible  for  the  formation 
and  management  of  that  excellent  educational  institution,  the  Ancoats 
Museum,  have  wisely  rccognizxid  the  value  of  some  knowledge  of  geology 
as  a  means  of  quickening  our  appreciation  of  the  Iniauties  of  Nature  ;  and 
that  one  who  has  done  solid  service  to  geology  by  his  teachings,  who  has 
kept  before  us  tlie  relationship  of  our  science  to  that  which  is  beautiful — 
I  refer  to  the  distinguished  author  of  ** Modern  Painters"— has  chosen 
the  northern  jyait  of  the  couniy  for  his  home,  and  has  illustrated  his 
teaching  afresh  by  reference  to  the  rocks  of  the  lovely  district  around 
him.  Nor  can  I  help  referring  to  one  who  has  recently  passeil  away — the 
lato  Sir  Joscpli  Prestwich — the  last  link  between  the  pioneers  of  our 
science  and  the  geologists  of  the  present  day,  who,  though  born  in  Loudon, 
was  of  Lancashire  family,  and  whom  we  may  surely  therefore  claim  as  one 
of  Lanciishire's  worthies.  With  these  evidences  of  the  catholicity  of  taste 
on  the  part  of  geologists  connected  with  the  county,  I  feel  free  to  choose 
my  own  subject  for  this  address,  and,  my  time  being  occupied  to  a  large 
extent  w^ith  jicademic  work,  1  may  be  pardoned  for  treating  that  subject 
in  academic  fiushion.  As  1  have  paid  considerable  attention  to  the  branch 
of  the  science  which  bears  the  somewhat  uncouth  designation  of  strati- 
graphical  geology,  1  propose  to  take  the  present  state  of  our  knowledge 
of  this  bntnch  na  my  theme. 

Of  the  four  great  divisions  of  geology.  i)etrology  may  be  claimed  as 
being  largely  of  German  origin,  the  great  imixitus  to  its  study  having 
lieen  given  by  Werner  and  his  tciichings.  Palieontology  may  be  as  justly 
claimed  by  the  French  nation,  Cuvier  having  been  to  so  great  an  extent 
resi)on8ible  for  placing  it  ui>on  a  scientific  bwis.  Physical  geology  we 
may  partly  regard  as  our  own,  the  principles  laid  down  by  Hutton  and 
su])ported  by  Playfair  having  received  illustration  from  a  host  of  British 
writers,  amongst  whom  may  be  mentioned  Jukes,  Ramsay,  and  the 
brothers  Geikie  ;  but  the  grand  principles  of  physiciil  geology  have  Ikjcu 
80  largely  illustrated  by  the  magnificent  and  simple  features  displayed 
on  the  other  side  of  the  Athintic,  that  we  may  well  refer  to  our  American 
brethreu  as  leaders  in  this  branch  of  study.  The  fourth  bnmch,  strati- 
graphical  geology,  is  essentially  British  as  regai-ds  origin,  and,  as  everyone 
is  aware,  its  scientific  principles  were  established  by  William  Smith,  who 
was  not  only  the  father  of  English  geology,  but  of  stratigraphical  geology 
io  general. 

Few  will  deny  that  stratigraphical  geology  is  the  highest  branch  of 
the  science,  for,  as  has  been  well  said,  it  ''gathers  up  the  sum  of  all  that 
in  made  known  by  the  other  departments  of  the  science,  and  makes  it 
Bubciervieut  to  the  interpretation  of  the  geological  history  of  the  earth." 
The  object  of  the  stratigraphical  geologist  is  to  obtain  information  con- 
cerning all  physical,  climatic,  and  biological  events  which  have  occurred 
during  each  period  of  the  past,  and  to  arrange  them  in  chronological 
order,  so  as  to  write  a  connected  history  of  the  e;irth.  If  all  of  this 
information  were  at  our  disposal,  we  could  write  a  complete  earth-history, 
and  the  task  of  the  geologist  would  bo  ended.  As  it  is,  we  have  barely 
Grossed  the  threshold  of  discovery,  and  the  **  im^xirfection  of  the  geological 
record,"  like  the  "glorious  uncertainty"  of  our  national  game,  gives 
geology  one  of  its  great  charms.  Before  passing  on  to  consider  more 
particularly  the  present  state  of  the  subject  of  our  study,  a  few  remarks 
upon  this  imperfection  of  the  geological  I'ecord  may  not  be  out  of  place, 
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^   Or.  (.'.  D.  Walf'.tt.  in  his  m^'Diiirntph  on  **The  Faaua  of  the  Ix>wer  Cambrian 
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formation  of  the  Olenellus  beds,  though  their  age  has  not  been  determiued. 
The  Olensllus  horizon  now  furnishes  us  with  a  datum-line  from  which 
we  can  work  backwards,  and  it  is  quite  possible  that  the  Neobolia  beds 
of  the  Salt  Range,  ^  which  underlie  beds  holding  OleneUtu,  really  do 
contain,  as  has  been  maintained,  a  fauna  of  date  anterior  to  the  formation 
of  the  Olenellus  beds  ;  and  the  same  may  be  the  case  with  the  beds  con- 
taining the  Protolenus  fauna  in  Canada,^  for  this  fauna  is  very  different 
from  any  known  in  the  Olenellus  beds,  or  at  a  higher  horizon,  though 
Mr.  G.  F.  Matthew,  to  whom  geologists  owe  a  great  debt  for  his  admirable 
descriptions  of  the  early  fossils  of  the  Canadian  rocks  speaks  very 
cautiously  of  the  age  of  the  beds  containing  Protolenus  and  its  associates. 
Notwithstanding  our  ignorance  of  pre-Cambrian  faunas,  valuable  work 
has  recently  been  done  in  proving  the  existence  of  important  groups  of 
stratified  rocks  deposited  previously  to  the  formation  of  the  beds  con- 
taining the  earliest  known  Cambnan  fossils ;  I  may  refer  especially  to 
the  proofs  of  the  pre-Cambrian  age  of  the  Torridon  Sandstone  of  I^orth-west 
Scotland  lately  furnished  by  the  officers  of  the  Geological  Survey,  and 
their  discovery  that  the  maximum  thickness  of  these  strata  is  over  10,000 
feet.'  Amongst  the  sediments  of  this  important  system,  more  than  one 
fftima  may  be  discovered,  even  if  most  of  the  strata  were  accumulated  with 
rapidity,  and  all  geologists  must  hope  that  the  officers  of  the  Survey — ^who. 
foUowing  Nicol,  Lapworth,  and  others,  have  done  so  much  to  elucidate 
the  geological  structure  of  the  Scottish  Highlands —may  obtain  the 
legitimate  reward  of  their  labours,  and  definitelv  prove  the  occurrence 
of  rich  faunas  of  pre-Cambrian  age  in  the  rocks  of  that  region. 

But  although  we  may  look  forward  hopefully  to  the  time  when  we  may 
lessen  the  imperfection  of  the  records  of  early  life  upon  the  globe,  even 
the  most  hopeful  cannot  expect  that  record  to  be  rendered  perfect,  or 
that  it  will  make  any  near  approach  to  perfection.  The  posterior  segments 
of  the  remarkable  trilobite  Mesonacis  Vermonlana  are  of  a  much  more 
delicate  character  than  the  anterior  ones,  and  the  resemblance  of  the  spine 
on  the  fifteenth  "  body-segment "  of  this  species  to  the  terminal  spine  of 
Olenellus  proper,  suggests  that  in  the  latter  subgenus  posterior  segments 
of  a  purely  membranous  character  may  have  existed,  devoid  of  hard  parts. 
If  this  be  so,  the  entire  outer  covering  of  the  trilobites,  at  a  perioid  not 
very  remote  from  the  end  of  pre-Cambrian  times,  may  have  been  mem- 
branous, and  the  same  thing  may  hate  occurred  with  the  structures 
analogous  to  the  hard  parts  of  organisms  of  other  groups.  Indeed,  with 
our  present  views  as  to  development,  we  can  scarcely  suppose  that 
organisms  acquired  hard  parts  at  a  very  early  period  of  their  existence, 
and  fauna  after  fauna  may  have  occupied  tne  globe,  and  disap|^)eared, 
leaving  no  trace  of  its  existence,  in  which  case  we  are  not  likely  ever  to 
obtain  definite  knowledge  of  the  characters  of  our  earliest  faunas,  and  the 
biologist  must  not  look  to  the  geologist  for  direct  information  concerning 
the  dawn  of  life  upon  the  earth. 

Proceeding  now  to  a  consideration  of  the  faunas  of  the  rocks  formed 
after  pre-Cambrian  times,  a  rough  test  of  the  imperfection  of  the  record 
mav  be  made  by  examining  the  gaps  which  occur  in  the  vertical  distribution 
of  iorms  of  life.  If  our  knowledge  of  ancient  faunas  were  very  incomplete, 
we  ought  to  meet  with  many  cases  of  recurrence  of  forms  after  their 
apparent  disappearance  from  intervening  strata  of  considerable  thickness, 
and  many  such  cases  have  actually  been  described  by  that  eminent 

*  See  F.  Noetling,  "  On  the  Cambrian  Formation  of  the  Eastern  Salt  Range  *' : 
Records  Gaol.  Survey  India,  vol.  xxvii,  p.  71. 

*  G.  F.  Matthew,  "  The  Protolenm  Fauna "  :  Trans.  New  York  Acad,  of 
Science,  1895,  vol.  xiv,  p.  101. 

*  Sir  A.  Geikie,  **  Annual  Report  of  the  Geological  Survey  [United  Kingdom]  .  .  . 
for  the  year  ending  December  31,  1893."    London,  1894. 
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palaH)ntologi8t,  M.  Barrande,  amongst  the  Palseozoic  rocks  of  Bohemia, 
though  even  these  are  gradually  being  reduced  in  number  owing  to  recent 
discoveries ;  indeed,  in  the  case  of  the  marine  faunas,  mariced  cases  of 
recurrence  are  comi)aratively  rare,  and  the  occurrence  of  each  fom  is 
generally  fairly  unbroken  from  its  first  appearance  to  its  final  extinction, 
thu8  showing  that  the  imi)erfection  of  the  record  is  by  no  means  so  marked 
as  might  be  supi)osed.  Fresh-water  and  terrestrial  forms  naturally  fiimi&h 
a  large  ixircentage  of  cases  of  recurrence,  owing  to  the  comparative  rarity 
with  which  deposits  containing  such  organisms  are  preserved  amongst 
the  strata. 

A  brief  consideration  of  the  main  reasons  for  the  present  imperfection 
of  oiu*  knowledge  of  the  faunas  of  rocks  formed  subsequently  to  pre- 
Cambrian  times  may  be  useful,  and  suggestive  of  lines  along  which  future 
work  may  be  carried  out.  That  detailed  work  in  tracts  of  oountry  which 
are  yet  unexplored,  or  have  been  but  imi)erfectly  examined  by  the  geologist, 
will  fidd  largely  to  our  stock  of  information,  needs  only  to  be  mentioned  ; 
the  probable  importance  of  work  of  this  kind  in  the  future  tnay  be  inferred 
from  a  consideration  of  the  great  increase  of  owe  knowledge  of  the  Permo- 
Carbouiferous  faunas,  as  the  result  of  recent  labours  in  remote  regions. 
It  is  &i)eoially  desirable  that  the  ancient  faunas  and  floras  of  tropical 
regions  should  be  more  fully  made  known,  as  a  study  of  these  will  probably 
throw  considerable  light  upon  the  influence  of  climate  upon  the  geographical 
distribution  of  organisms  in  past  times.  The  old  floras  and  faunas  of 
Arctic  regions  are  becoming  fairly  well  known,  thanks  to  the  zeal  with 
which  the  Arctic  regions  have  been  explored.  But,  confining  our  attention 
to  the  geology  of  our  own  country,  much  remains  to  be  done  even  here, 
and  local  observers  especially  have  opportunities  of  adding  largely  to  our 
st<.>ck  of  knowledge,  a  task  they  have  performed  so  well  in  the  past  To 
give  examples  of  the  value  of  such  work,  our  knowledge  of  the  fauna  of 
the  Cambrian  rocks  of  Britain  is  largely  due  to  the  present  President  of 
the  Geological  Society,  when  resident  at  St.  David  s,  whilst  the  magnificent 
fauna  of  the  Wenlock  Limestone  would  have  been  far  less  perfectly  known 
than  it  is  if  it  were  not  for  the  collections  of  men  like  the  late  Colonel 
Fletcher  and  the  late  Dr.  Grindrod.  Again,  the  existence  of  the  rich 
fauna  of  the  Cambridge  Greensand  would  have  been  unsuspected,  had  not 
the  W\\  known  by  that  name  been  worked  for  the  phosphatic  nodules 
which  it  contains. 

It  is  very  desirable  that  largo  collections  of  varieties  of  species  should 
be  made,  for  in  this  matter  the  record  is  very  imiKjrfect.  There  has  been, 
and,  I  fear,  is  still,  a  tendency  to  reject  specimens  when  their  characters 
do  not  conform  with  those  given  in  8i)ecific  descriptions,  and  thus  much 
valuable  material  is  lost.  Local  observers  should  be  specially  careful  to 
search  for  varieties,  which  may  be  very  abundant  in  places  where  the 
conditions  wore  favourable  for  their  production,  though  rare  or  unknown 
elsewhere.  Thus,  I  find  the  late  Mr.  W.  Keeping  remarking  that  "  it  is 
noteworthy  that  at  Upware,  and,  indeed,  all  other  places  known  to  me, 
the  species  of  J5rachiopo(ia  [of  the  Neocomian  beds]  maintain  much  more 
distinctness  and  isolation  from  one  another  than  at  Brickhill."  *  The 
latter  place  ap|)ear8  to  be  one  where  cx)n(litions  were  exceptionally  favour- 
able in  Neocomian  times  for  the  production  of  intermediate  forms. 

A  mere  knowledge  of  varieties  is,  however,  of  no  great  use  to  the 
collector  without  a  general  acquaintance  with  the  morphology  of  the 
organisms  whose  remains  he  extracts  from  the  earth's  strata,  and  one 
who  has  this  can  do  signal  service  to  the  science.  It  is  specially  importaut 
that  local  obser\'ers  should  be  willing  to  devote  themselves  to  the  study 
of  particular  grouj>s  of  organisms,  and  to  collect  large  suites  of  specimeDS 

*  W.  Kcopinsr.  Sedgwick  Ej^say:  "The  Fossils  and  Polieontological  Affinities  of 
the  Neocomian  Deposits  of  Upware  and  Brickhill."    Cambridge,  1883. 
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of  the  group  they  have  chosen  for  study.  With  a  group  like  the  grapto- 
lites,  for  instance,  the  specimens  which  are  apparently  best  preserved 
are  often  of  little  value  from  a  morphological  point  of  view,  and  frag- 
ments frequently  furnish  more  information  than  more  complete  specimens. 
These  fragments  seldom  find  their  way  to  our  museums,  and  accordingly 
we  may  examine  a  lar^e  suite  of  graptolites  in  those  museums  without 
finding  any  examples  snowing  particular  structures  of  importance,  such 
as  the  sac-like  bodies  carried  by  many  of  these  creatures.  As  an  illustra- 
tion of  the  value  of  work  done  by  one  who  has  made  a  special  study  of 
a  particular  group  of  organisms,  I  may  refer  to  the  remarkable  success 
achieved  by  the  late  Mr.  Norman  Glass  in  developing  the  calcareous 
supports  of  the  brachial  processes  of  Brachiopods.  Work  of  this  character 
will  greatly  reduce  the  imperfection  of  the  record  from  the  biologists' 
point  of  view. 

The  importance  of  detailed  work  leads  one  to  comment  upon  the  general 
methods  of  research  which  have  been  largely  adopted  in  the  case  of  the 
stratified  rocks.  The  principle  that  strata  are  identifiable  by  their 
included  organisms  is  the  basis  of  modern  work,  as  it  was  of  that  which 
was  achieved  by  the  father  of  English  Gteology,  and  the  identification  of 
strata  in  this  manner  has  of  recent  years  been  carried  out  in  very  great 
detail,  notwithstanding  the  attempt  on  the  part  of  some  well-known 
writers  to  show  that  correlation  of  strata  in  great  detail  is  impossible. 
The  objection  to  this  detailed  work  is  mainly  founded  upon  the  fact  that 
it  must  take  time  for  an  organism  or  group  of  organisms  to  migrate  from 
one  area  to  another,  and  therefore  it  was  stated  that  they  cannot  have 
lived  contemporaneously  in  two  remote  areas.  But  the  force  of  this 
objection  is  practically  done  away  with  if  it  can  be  shown  that  the  time 
taken  for  migration  is  exceedingly  short  as  compared  with  the  time  of 
duration  of  an  organism  or  group  of  organisms  upon  the  earth,  and  this 
has  been  shown  in  the  only  possible  way — namely,  by  accumulating  a  very 
great  amount  of  evidence  as  the  result  of  observation.  The  eminent 
writers  referred  to  above,  who  were  not  trained  geologists,  never  properly 
grasped  the  vast  periods  of  time  which  must  have  elapsed  during  the 
occurrence  of  the  events  which  it  is  the  geologist's  province  to  study.  An 
historian  would  speak  of  events  which  began  at  noon  on  a  certain  day 
and  ended  at  midnight  at  the  close  of  that  day  as  contemporaneous  with 
events  which  commenced  and  ended  five  minutes  later,  and  this  is  quite 
on  a  par  with  what  the  geologist  does  when  correlating  strata.  Never- 
theless, there  are  many  people  who  still  view  the  task  of  correlating  minute 
subdivisions  of  stratified  systems  with  one  another,  with  a  certain  amount 
of  suspicion,  if  not  with  positive  antipathy ;  but  the  work  must  be  done 
for  all  that.  Brilliant  generalizations  are  attractive  as  well  as  valuable, 
but  the  steady  accumulation  of  facts  is  as  necessary  for  the  advancement 
of  the  science  as  it  was  in  the  days  when  the  Geological  Society  was 
founded,  and  its  members  applied  themselves  "to  multiply  and  record 
observations,  and  patiently  to  await  the  result  at  some  future  period.'* 
I  have  already  suggested  a  resemblance  between  geology  and  cricket,  and 
I  may  be  permitted  to  point  out  that  just  as  in  the  game  the  free-hitter 
wins  the  applause,  though  the  patient  "  stone- waller "  often  wins  the 
match,  so,  in  the  science,  the  man  apt  at  brilliant  generalizations  gains 
the  approval  of  the  general  public,  but  the  patient  recorder  of  apparently 
insignificant  details  adds  matter  of  permanent  value  to  the  stores  of  our 
knowledge.  In  the  case  of  stratigraphical  geology,  if  we  were  compelled 
to  be  content  with  correlation  of  systems  only,  and  were  unable  to  ascertain 
which  of  the  smaller  series  and  stages  were  contemporaneous,  but  could 
only  speak  of  these  as  "  homotazial,''  we  should  be  in  much  the  same 
position  as  the  would-be  antiquary  who  was  content  to  consider  objects 
fashioned  by  the  Bomans  as  contemporaneoiui  with  those  of  meduAv«iL 
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timeft.  Under  each  circumstances  geology  would  indeed  be  an  unootiin 
science,  and  we  should  labour  in  the  field  knowing  that  a  satisfactory 
earth-history  would  never  be  written.  Let  us  hope  that  a  brighter  fdtun 
id  in  store  for  us,  and  let  me  urge  my  countrymen  to  continue  to  stodj 
the  minute  subdivisions  of  the  strata,  lest  they  be  left  behind  by  the 
geolr>giMts  of  other  countries,  to  whom  the  necessity  for  this  kind  of 
study  is  apiiarent,  and  who  are  carrying  it  on  with  great  success. 

The  value  of  detailed  work  on  the  part  of  the  stratieraphical  geologist 
is  best  grasped  if  we  consider  the  recent  advance  that  baa  been  made  in 
our  science  owing  to  the  more  or  less  exhaustive  survey  of  the  strata  of 
various  areas,  and  the  application  of  the  results  obtained  to  tbe  elucidation 
of  the  earth's  history.  A  review  of  this  nature  will  enable  us  not  only  to 
see  what  has  been  done,  but  also  to  detect  lines  of  inquiry  which  it  will  be 
useful  to  pursue  in  the  future  ;  but  it  is  obvious  that  the  subject  is  so 
wide  that  little  more  can  be  attempted  than  to  touch  lightly  upon  some 
of  the  more  prominent  questions.  A  work  might  well  be  written  treatiug 
of  the  matters  which  Ipropose  to  notice.  We  have  all  read  our  **  Prin- 
ciples of  Geology,"  or  "  The  Modem  Changes  of  the  Earth  and  its  inhabi- 
tatits  considers  as  illustrative  of  Geology,"  to  quote  the  alternative  title ; 
some  day  we  may  have  a  book  written  about  the  ancient  changes  of  the 
eartli  and  its  inhabitants  considered  as  illustrative  of  geography. 

Commencing  with  a  glance  at  the  light  thrown  on  inorganic  changes  bj 
a  detailed  examination  of  the  strata,  I  may  briefly  allude  to  advances 
which  have  recently  been  made  in  the  study  of  denudation.  The  minor 
faultif,  which  can  only  be  detected  when  the  small  subdivisions  of  rock- 
grou(>8  are  followed  out  oirefully  on  the  ground,  have  been  shown  to  be 
of  great  importance  in  defining  the  direction  in  which  the  aronts  of 
denudation  nave  operated,  as  demonstrated  by  Professor  W.  C.  Brogger, 
for  instance,  in  the  case  of  the  Christiania  Fjord  ^ ;  and  I  have  receutlj 
endeavoured  to  prove  that  certain  valleys  in  the  English  Lake  District 
have  been  determined  by  shattered  belts  of  country,  the  existence  of 
which  is  shown  by  following  thin  bands  of  strata  along  their  outcrop. 
The  iniix>rtance  of  the  study  of  the  strata  in  connection  with  the  genesis 
and  subsequent  changes  of  river-systems  is  admirably  brought  out  in 
I^rofessor  W.  M.  Davis's  paper  on  "  The  Development  of  certain  English 
Kivci*s,"'  a  \)a\yQt  which  should  be  read  by  all  physical  geologists  ;  it  is, 
indeed,  a  starting-point  for  kindred  work  which  remains  especially  for  local 
observers  to  accomplish.  Study  of  this  kind  not  only  adds  to  our  kuow- 
]o{lfj;e  of  tbe  work  of  geological  agencies,  but  hel])s  to  diminish  the 
imi)erfcction  of  the  record,  for  the  nature  of  river-systems,  when  rightly 
understood,  enables  us  to  detect  the  former  presence  of  deposits  over 
arcjis  from  which  they  have  long  since  l>een  removed  by  denudation. 

An  intimate  acquaintance  with  the  lithological  characters  of  the  strata 
of  a  district  affords  valuable  information  in  connection  with  the  subject 
of  gl.ioiul  denudation.  The  direction  of  glacial  transport  over  the  British 
Lslcs  has  been  largely  inferred  from  a  study  of  the  distribution  of  boulders 
of  igneous  rock,  whilst  those  of  sedimentary  rock  have  been  less  carefully 
obMcrved.  The  inii>ortance  of  the  latter  is  well  shown  by  the  work  which 
h.'is  )x>en  done  in  Northern  Europe  in  tracing  the  Scandinavian  boulders 
to  their  sources,  a  task  which  could  not  have  been  performed  successfully 
if  the  Scandinavian  strata  had  not  been  studied  in  great  detail.*    I  shall 

'  W.  C.  BroirjTt^r,  Nj-t.  Mag.  for  Naturvidensk.,  vol.  ixx  (1886),  p.  79. 

'  W.  M.  Daria,  Geo'graph.  Joum.,  vol.  v  (1895),  p.  127. 

'  It  is  desirable  that  the  boulders  of  sedimentar)'  rock  imbedded  in  the  drifts  of 
East  Aiiglia  should  be  carefully  examined,  and  fossils  collected  from  them.  Tbe 
rnlcarfous  strata  associated  with  the  Alum  Shales  of  Scandinavia  and  the  strata  of 
tbo  Orthoctras  Limestone  of  that  region  may  bo  expected  to  be  represented  amongst 
tbe  boulders. 
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presently  have  more  to  say  with  regard  to  work  connected  with  the 
lithological  characters  of  the  sediments.  Whilst  mentioning  glacial 
denudation,  let  me  allude  to  a  piece  of  work  which  should  be  done  in 
great  detail,  though  it  is  not,  strictly  speaking,  connected  with  strati- 
graphy, namely,  the  mapping  of  the  rocks  around  asserted  '*  rock-basins." 
I  can  find  no  actual  proof  of  the  occurrence  of  such  basins  in  Britain, 
and  it  is  very  desirable  that  the  solid  rocks  and  the  drift  should  be  care- 
fiilly  inserted  on  large-scale  maps,  not  only  all  around  the  shores  of 
several  lakes,  but  also  between  the  lakes  and  the  sea,  in  order  to  ascertain 
whether  the  lakes  are  really  held  in  rock-basins.  Until  this  work  is  done, 
however  probable  the  occurrence  of  rock-basins  in  Britain  may  be  con- 
sidered to  be,  their  actual  existence  cannot  be  accepted  as  proved. 

When  referring  to  the  subject  of  denudation,  mention  was  made 
a  moment  ago  of  the  study  of  the  lithological  character  of  the  sediments. 
Admirable  work  in  this  direction  was  carried  out  years  ago  by  one  who 
may  be  said  to  have  largely  changed  the  direction  of  advance  of  geology  in 
this  country  owing  to*  his  researches  **0u  the  Microscopical  Structure  of 
Crystals,  indicating  the  Origin  of  Minerals  and  Rocks."  I  refer,  of  course, 
to  Dr.  H.  C.  Sorby.  But  since  our  attention  has  been  so  largely  directed 
to  petrology,  the  studv  of  the  igneous  and  metamorphic  ro<^  has  been 
most  zealously  pursued,  whilst  that  of  the  sediments  has  been  singularly 
little  heeded,  with  few  exceptions,  prominent  amongst  which  is  the  work 
of  Mr.  Maynard  Hutchings,  the  results  of  which  have  been  recently 
published  in  the  Qbolooigal  Magazine,  though  we  must  all  hope  that  the 
details  which  have  hitherto  been  supplied  to  us,  valuable  as  they  are,  are 
only  a  foretaste  of  what  is  to  follow  from  the  pen  of  this  able  observer. 
Descriptions  of  the  lithological  changes  which  occur  in  a  vertical  series  of 
sediments,  as  well  as  of  those  which  are  observed  when  any  particular 
band  is  traced  laterally,  will  no  doubt  throw  light  upon  a  number  of 
interesting  questions. 

Careful  work  amongst  the  ancient  sediments,  especially  those  which  are 
of  organic  origin,  has  strikingly  illustrated  the  general  identity  of 
characters,  and  therefore  of  methods  of  formation,  of  deposits  laid  down 
on  the  sea-floors  of  past  times  and  those  which  are  at  present  in  course  of 
construction.  Qlobigerine-oozes  have  been  detected  at  various  horizons 
and  in  many  countries.  Professor  H.  Alleyne  Nicholson  ^  has  described 
a  pteropod-ooze  of  Devonian  age  in  the  Hamilton  Limestone  of  Canada, 
which  is  largely  composed  of  the  tests  of  Styliola  ;  and  to  Dr.  G.  J.  Hinde 
we  owe  the  discovery  of  a  large  number  of  radiolarian  cherts  of  PalsBozoic 
and  Neozoic  ages  in  various  parts  of  the  globe.  The  extreme  thinness  of 
many  argillaceous  deposits,  which  are  represented  elsewhere  by  hundreds 
of  feet  of  strata,  suggests  that  some  of  them,  at  any  rate,  may  be  analogous 
to  the  deep-sea  clays  of  modern  oceans,  though  in  the  case  of  deposits  of 
this  nature  we  must  depend  to  a  large  extent  upon  negative  evidence.  The 
uniformity  of  character  of  thin  marine  deposits  over  wide  areas  is  in  itself 
evidence  of  their  formation  at  some  distance  from  the  land  ;  but  although 
the  proofs  of  origin  of  ancient  sediments  far  from  coast-lines  may  be  looked 
upon  as  permanently  established,  the  evidence  for  their  deposition  at  great 
depths  below  the  ocean's  surface  might  be  advantageously  increased  in  the 
case  of  many  of  them.  The  fairly  modem  sediments,  containing  genera 
which  are  still  in  existence,  are  more  likely  to  furnish  satisfactory  proofs 
of  a  deep-sea  oiigin  than  are  more  ancient  deposits.  Thus  the  existence 
of  Arckceopneustes  And  Cystechinus  in  the  oceanic  series  of  Barbadoes,  as 
described  by  Dr.  J.  W.  Gregory,  furnishes  strong  proofs  of  the  deep-sea 
character  of  the  deposits  ;  whilst  the  only  actual  argument  in  favour  of  the 
deep-sea  character  of  certain  Palaeozoic  sediments  has  been  put  forward  by 

*  Nicholson  and  Lydekker,  **  Manual  of  PalflBontology,*'  chap.  ii. 
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Professor  Suess,  who  notes  the  similarity  of  certain  stnictures  of  creatares 
in  ancient  rocks  to  those  possessed  by  modem  deep-sea  Crustacea, 
especially  the  co-existence  of  trilobites  which  are  blind  with  thoae  which 
have  enormously  developed  eyes. 

A  question  which  has  been  very  prominently  brought  to  the  fore  in 
recent  years  is  that  of  the  mode  of  formation  of  certain  coral-reefs.  The 
theory  of  Charles  Darwin,  lately  so  widely  accepted  as  an  explanation  of 
the  mode  of  formation  of  barrier-reefs  and  atolls,  has  been,  as  is  well 
known,  criticized  by  Dr.  Murray,  with  the  result  that  a  lai^ge  nnmber  of 
valuable  observations  have  been  recently  made  on  modem  reefia,  especially 
by  biologists,  as  a  contribution  to  the  study  of  reef  formation.  Nor  have 
geologists  been  inactive.  Dr.  £.  Mojsisovics  and  Professor  Dupont,  to 
mention  two  prominent  observers,  have  described  knoll-like  masses  of 
limestone  more  or  loss  analogous,  as  regards  structure,  to  modem  coral- 
reefs.  They  consider  that  these  have  been  formed  by  corals,  and,  indeed, 
Dupont  maintains  that  the  atoll-shape  is  still  recognizable  in  ancient 
Devonian  coral-reefs  in  Belgium.'  I  would  observe  that  all  cases  of 
**  knoll-reefs  **  of  this  character  have  been  described  in  districts  which 
furnish  proofs  of  having  been  subjected  to  considerable  orogenic 
disturbance,  subsequent  to  the  formation  of  the  rocks  composing  the 
knoll-shaped  masses,  whilst  in  areas  which  have  not  been  afiected  by 
violent  earth  folding  the  reef-building  corals,  so  far  as  I  have  been  able 
to  ascertain,  give  nse  to  sheet-like  masses,  such  as  should  be  produced 
according  to  Dr.  Murray*s  theory.  I  would  mention  especially  the  reefs  of 
the  CondUan  rocks  of  England,  and  also  some  admirable  examples  seen 
amongst  the  Carboniferous  Limestone  strata  of  the  great  western  escarp- 
ment of  the  Pennine  Chain  which  faces  the  Eden  Valley  in  the  neighbour^ 
hood  of  Melmerby  in  Cumberland.  Considering  the  number  of  dissected 
coral-reefs  which  exist  amongst  the  strata  of  the  earth's  crust,  and  the 
striking  way  in  which  their  structure  is  often  displayed,  it  is  rather 
remarkable  that  comparatively  little  attention  has  been  j>aid  to  them  by 
geologists  in  general,  when  the  subject  has  been  so  prominently  brought 
before  the  scientific  world,  for  we  must  surely  admit  that  we  are  much 
more  likely  to  gain  important  information,  shedding  light  upon  the 
methods  of  reef-formation,  by  a  study  of  such  dissected  reefs,  than  by 
making  a  few  boreholes  on  some  special  coral  island.  I  would  specially 
recommend  geologists  to  make  a  detailed  study  of  the  British  coral-reefs  of 
Silurian,  Devonian,  Carboniferous,  and  Jurassic  ages. 

Turning  now  to  organic  deposits  of  vegetable  origin,  we  must,  as  a  result 
of  detailed  work,  be  prepared  to  admit  the  inapplicability  of  any  one  theory 
of  the  formation  of  coal-seams.  The  "  growth-in-place  "  theory  may  be 
considered  fairly  well  established  for  some  coals,  such  as  the  spore-coals, 
whilst  the  **  drift "  theory  furnishes  an  equally  satisfactory  explanation  of 
the  formation  of  canncl-coal.  It  is  now  clear  that  the  application  of  the 
general  term  coal  to  a  number  of  materials  of  diverse  nature,  and  probably 
of  diverse  origin,  was  largely  responsible  for  the  dragging-out  of  a  contro- 
versy in  which  the  champions  of  either  side  endeavoured  to  explain  the 
origin  of  all  coal  in  one  particular  way. 

The  stratigraphical  geologist,  attempting  to  restore  the  physical 
geography  of  former  periods,  naturally  pays  much  attention  to  the 
positions  of  ancient  coast-lines  ;  indoed,  all  teachers  find  it  impossible  to 
give  an  intelligible  account  of  the  stratified  rocks  without  some  reference 
to  the  distribution  of  land  and  sea  at  the  time  of  their  formation.  The 
general  position  of  land- masses  at  various  times  has  been  ascertained  in 

^  Similar  knoll -like  masses  have  been  described  in  this  country  by  Mr.  R.  H. 
Tiddeman,  as  occurring  in  the  Craven  district  of  Torkahire,  but  he  does  not  attribute 
their  formation  to  coral -growth  to  any  great  extent. 


Professor  J,  E.  Marr — Address.  473 

several  ports  of  the  world,  but  much  more  information  must  be  gathered 
together  before  our  restorations  of  ancient  sea-margins  approximate  to  the 
truth.  The  Carboniferous  rocks  of  Britain  have  been  specially  studied  with 
reference  to  the  distribution  of  land  and  water  during  the  period  of  their 
accumulation,  and  yet  we  find  that  owing  to  the  erroneous  identification  of 
certain  rocks  of  Devonshire  as  grits  or  sandstones,  which  Dr.  Hinde  has 
shown  to  be  radiolarian  cherts,  land  was  supposed  to  lie  at  no  great 
distance  south  of  this  region  in  Lower  Carboniferous  times,  whereas  the 
probabilities  are  in  favour  of  the  existence  of  an  open  ocean  at  a  consider- 
able distance  from  any  land  in  that  direction.  This  case  furnishes  us  with 
an  excellent  warning  against  generalization  upon  insufficient  data. 

As  a  result  of  detailed  study  of  the  strata,  the  effects  of  earth- movements 
have  been  largely  made  known  to  us,  especiallya  of  those  comparatively 
local  disturbances  spoken  of  as  orogenic  which  are  mainly  connected  with 
mountain-building,  whilst  information  concerning  the  more  widely-spread 
epeirogenic  movements  is  also  furnished  by  a  study  of  the  stratified 
rocks.  The  structure  of  the  Alps,  of  the  North- West  Highlands  of 
Scotland,  and  of  the  uplifted  tracks  of  North  America  is  now  familiar  to 
geologists,  whilst  the  study  of  comparatively  recent  sediments  has 
proved  the  existence  of  widespread  and  extensive  movements  in  times 
which  are  geologically  modern  ;  for  instance,  the  deep-water  deposits 
of  late  Tertiary  age  found  in  the  West  Indies  indicate  the  occurrence 
of  considerable  uplift  in  that  region.  But  a  great  amount  of  work 
yet  remains  to  be  done  in  this  connection,  especially  concerning 
horizontal  distortion  of  masses  of  the  earth's  crust,  owing  to  more  rapid 
horizontal  advance  of  one  portion  than  of  another,  during  periods  of 
movement.  Not  until  we  gather  together  a  large  amount  of  information 
derived  from  actual  inspection  of  the  rocks  shall  we  be  able  to  frame 
satisfactory  theories  of  earth-movement,  and  in  the  meantime  we  are 
largely  dependent  upon  the  speculations  of  the  physicist,  often  founded 
upon  very  imperfect  data,  on  which  is  built  an  imposing  superstructure 
of  mathematical  reasoning.  We  have  been  told  that  our  continents  and 
ocean -basins  have  been  to  a  great  extent  permanent  as  regards  position 
through  long  geological  ages  ;  we  now  reply  by  pointing  to  deep-sea 
sediments  of  nearly  all  geological  periods,  which  have  been  uplifted  from 
the  ocean-abysses  to  form  portions  of  our  continents  ;  and  as  the  result 
of  study  of  the  distribution  of  fossil  organisms,  we  can  point  almost 
as  confidently  to  the  sites  of  old  continents  now  sunk  down  into  the  ocean 
depths.  It  seems  clear  that  our  knowledge  of  the  causes  of  earth- 
movements  is  stiU  in  its  infancy,  and  that  we  must  be  content  to  wait 
awhile,  until  we  have  further  information  at  our  disposal. 

Recent  work  has  proved  the  intimate  connection  betwixt  earth- 
movement  and  the  emission  and  intrusion  of  igneous  rocks,  and  the  study 
of  igneous  rocks  has  advanced  beyond  the  petrographical  stage  ;  the  rocks 
are  now  made  to  contribute  their  share  towards  the  history  of  different 
geological  periods.  The  part  which  volcanic  action  has  played  in  the 
actual  formation  of  the  earth's  crust  is  well  exemplified  in  Sir  Archibald 
Geikie's  Presidential  Addresses  to  the  Geological  Society,  wherein  he  treats 
of  the  former  volcanic  history  of  the  British  Isles.  ^  The  way  in  which 
extruded  material  contributes  to  the  formation  of  sedimentary  masses  has, 
perhaps,  not  been  fully  grasped  by  many  writers,  who  frequently  seem  to 
assume  that  deposition  is  a  measure  of  denudation,  and  vice  versd,  whereas 
deposition  is  only  a  measure  of  denudation,  and  of  the  material  which  has 
been  ejected  in  a  fragmental  condition  from  the  earth's  interior,  which 
in  some  places  forms  a  very  considerable  percentage  of  the  total  amount 
of  sediment. 

^  Sir  A.  Geikie,  Quart.  Joum.  Qeol.  Soc.,  yoIs.  xlvii  and  xlviii. 
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The  intruded  rocks  also  throw  much  light  on  past  earth-histoir,  and 
I  cannot  ^ve  a  better  illustration  of  the  Viuuable  information  which  they 
may  furnish  to  the  stratigraphical  geologist,  when  rightly  studied,  than 
by  referring  to  the  excellent  and  suggestive  work  bj  my  colletgue, 
Mr.  Alfred  Marker,  on  the  Bala  VolcanicUocks  of  Camarvonfthire.' 

Pcrhaus  the  most  striking  instance  of  the  effect  which  detailed  strati- 
gTHphical  work  has  produced  on  geological  thought  is  supplied  by  the  study 
of  the  crystalline  schists.  Our  knowledge  of  the  great  bulk  of  the  rocks 
which  enter  into  the  formation  of  a  schistose  complex  is  not  verj  great^ 
but  the  mode  of  production  of  many  of  them  is  now  well  known,  and  the 
cnide  speculations  of  some  of  the  early  geologists  are  now  making  way  for 
theories  founded  on  careful  and  minute  observations  in  the  field  as  well  as 
iu  the  laboratory.  Recent  work  amongst  the  crystalline  schistii  shows, 
furthermore,  how  careful  we  should  be  not  to  assume  that  because  we  have 
got  at  the  truth  we  have  therefore  ascertained  the  whole  truth.  We  all 
remember  how  potent  a  factor  dynamic  metamorphism  was  supposed  to  be, 
owing  to  discoveries  made  in  the  greatly  disturbed  rocks  of  Scotland  and 
Switzerland  ;  and  the  action  of  heat  was  almost  ignored  by  some  writers, 
except  as  a  minor  factor,  in  the  production  of  metamorphic  change.  The 
latest  studies  amongst  the  foliated  rocks  tend  to  show  that  heat  does  play 
a  most  important  part  in  the  manufacture  of  schists.  The  detailed  woik 
of  Mr.  George  Barrow,  in  North-east  Forfarshire,*  has  already  thrown 
a  flood  of  light  upon  the  origin  of  certain  schists,  and  their  connection 
with  igneous  rocks,  and  geologists  will  look  forward  with  eagerness  to 
further  studies  of  the  puzzling  Highland  rocks  by  this  keen  observer. 

The  subject  of  former  climatic  conditions  is  one  in  which  the  geologist 
has  very  largely  depended  upon  followers  of  other  branches  of  science  for 
light,  and  yet  it  is  one  peculiarly  within  the  domain  of  the  stratigraphical 
geologist ;  and  information  which  has  already  been  furnished  ooucemiug 
former  climatic  conditions,  as  the  result  of  careful  study  of  the  strata,  is 
probably  only  an  earnest  of  what  is  to  follow  when  the  specialist  in 
climatolofijy  pays  attention  to  the  records  of  the  rocks,  and  avoids  the 
theories  elalxirated  in  the  student's  sanctum.  The  recognition  of  an  loe 
Age  in  Pleistocene  times  at  once  proved  the  fallacy  of  the  supposition  that 
there  has  been  a  gradual  fall  in  teinj>erature  throughout  geological  ages 
without  any  subsequent  rise,  and  at'x3ordingly  most  theories  which  have 
been  put  forward  to  account  for  former  climatic  change  have  been  advanced 
with  special  reference  to  the  Glacial  period  or  periods,  although  there  are 
many  other  interesting  matters  connected  with  climate  with  which  the 
geologist  has  to  deal.  Nevertheless,  the  occurrence  of  Glacial  periods  is  a 
matter  of  very  great  interest,  and  one  which  has  deservedly  received  much 
atttmtion,  though  the  extremely  plausible  hypothesis  of  Croll,  and  the 
clear  manner  in  which  it  has  been  presented  to  general  readers,  tended  to 
throw  other  views  into  the  shade,  until  quite  recently,  when  this  hypothe&is 
has  been  controverted  from  the  point  of  view  of  the  physicist.  In  the 
meantime  considerable  ailvance  has  been  made  in  our  actual  knowledge, 
and  this  year,  probably  for  the  first  time,  and  as  the  result  of  the  masterly 
remind  of  Professor  Edgworth  David, ^  the  bulk  of  British  geologists  is 
prepared  to  admit  that  there  has  been  more  than  one  Glacial  period,  and 
that  the  evidence  of  glacial  conditions  in  the  southern  hemisphere  in 
Pcrmo-Oarboniferous  times  is  establishe<l.  Croll's  hypothesis  of  course 
requires  the  recurrence  of  Glacial  |)erioti8,  but  leaving  out  of  account 
arguments  not  of  a  geological  character,  which  have  been  advanced  against 

*  Alfred  Earker,  Sedjrwick  Essav  for  1888  (Camb.  Univ.  Press.  1889). 
'  G.  Barrow.  Quart.  Joum.  Geol.  Soc,  vol.  xlii  (1893),  p.  330. 
^  T.   W.   E.    David.    "  Evidences   of    Glacial  Action  in  Australia  in  Permo- 
CarboniftTous  Time":   Quart.  Juurn.  GeoL  Soc.,  vol.  lii,  p.  289. 


Pro/eMor  J.  E.  Marr — Address.  475 

this  hypothesis,  the  objection  raised  by  Messrs.  Gray  and  Kendall,^  that  in 
the  case  of  the  Pleistocene  Ice  Age  '*  the  cold  conditions  came  on  with 
extreme  slowness,  the  refrigerations  being  progressive  from  the  Eocene 
period  to  the  climax/'  seems  to  me  to  be  a  fatal  one.  At  the  same  time, 
rather  than  asking  with  the  above  writers  *'  the  aid  of  astronomers  and 
physicists  in  the  solution  of  this  problem,"  I  would  direct  the  attention  of 
Btratigraphical  geologists  to  it,  believing  that,  by  steady  accumulation 
of  faicts,  they  are  more  likely  than  anyone  else  to  furnish  the  true  clue  to 
the  solution  of  the  glacial  problem. 

I  have  elsewhere  called  attention  to  marked  changes  in  the  faunas  of  the 
sedimentary  rocks  when  passing  from  lower  to  higher  levels,  without  the 
evidence  of  any  apparent  physical  break,  or  any  apparent  change  in  the 
physical  conditions,  so  far  as  can  be  judged  from  the  litholo^cal  characters 
of  the  strata,  and  have  suggested  that  such  sudden  faunistic  variations 
may  be  due  to  climate.  1  refer  to  the  matter  as  one  which  may  well 
occupy  the  attention  of  local  observers. 

One  of  the  most  interesting  points  connected  with  climatic  conditions  is 
that  of  the  former  general  lateral  distribution  of  organisms,  and  its 
dependence  upon  the  distribution  of  climatic  zones.  The  well-known  work 
of  the  late  Dr.  Neumayr '  has,  in  the  opinion  of  many  geologists,  established 
the  existence  of  climatic  zones  whose  boundaries  ran  practically  parallel 
with  the  equator  in  Jurassic  and  Cretaceous  times,  and  the  possible 
existence  of  similar  climatic  zones  in  Palaeozoic  times  nas  been  elsewhere 
suggested  ;  but  it  is  very  desirable  that  much  more  work  should  be  done 
on  this  subject,  and  it  can  only  be  carried  out  by  paying  close  attention  to 
the  vertical  and  lateral  distribution  of  organisms  in  the  stratified  rocks. 

So  far  we  have  chiefly  considered  the  importance  of  stratigraphical 
geology  in  connection  with  the  inorganic  side  of  nature.  We  now  come  to 
the  bearing  of  detailed  stratigraphical  work  upon  questions  concerning 
the  life  of  the  globe,  and  here  the  evidence  furnished  by  the  geologist 
particularly  appeals  to  the  general  educated  public  as  well  as  to  students 
of  other  sciences. 

Attention  has  just  been  directed  to  the  probable  importance  of  former 
climatic  changes  in  determining  the  distribution  of  organisms ;  but  the 
whole  subject  of  the  geographical  distribution  of  organisms  during 
former  geological  periods,  though  it  has  already  received  a  considerable 
amount  of  attention,  will  doubtless  have  much  further  light  thrown  upon 
it  as  the  result  of  careful  observations  carried  out  amongst  the  stratified 
rocks. 

So  long  ago  as  1853,  Pictet  laid  it  down  as  a  palaeontological  law  that 
*Hhe  geographical  distribution  of  species  found  in  the  strata  was  more 
extended  than  the  range  of  species  of  existing  faunas."  One  would 
natun^y  expect  that  at  a  time  when  the  divoiyity  of  animal  organization 
was  not  so  great  as  it  now  is,  the  species,  having  fewer  enemies  with 
which  to  cope,  and  on  the  whole  not  too  complex  organizations  to  be 
affected  by  outward  circumstances,  would  spread  further  laterally  than 
they  now  do ;  but  as  we  know  that  in  earliest  Cambrian  times  the 
diversity  of  organization  was  very  considerable,  it  is  doubtful  whether 
any  appreciable  difference  would  be  exerted  upon  lateral  distribution 
then  and  now,  owing  to  this  cause.  At  the  time  at  which  Pictet  wrote, 
the  rich  fauna  of  the  deeper  parts  of  the  oceans,  with  its  many  widely 
distributed  forms  of  life,  was  unknown,  and  the  range  in  space  of  early 
organisms  must  have  then  struck  everyone  who  thought  upon  the  subject 

»  J.  W.  Gray  and  P.  F.  Kendall,  **  The  Cause  of  an  Ice  Age  ":  Brit.  Assoc.  Bep. 
(1892),  p.  708. 

*  M.  Neumayr,  "  Ueber  klimatische  Zonen  wahrend  der  Jura-  nnd  Kreidezeit*': 
Denbichr.  der  math  -naturwissen.  Classe  der  k.  k.  Akad.  der  WissenschafteOy 
vol.  xlvii.     Vienna,  1883. 
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as  being  greater  than  that  of  the  shallow-wator  organiams  of  existing  aeis, 
which  were  alone  known.  It  is  bj  no  means  clear,  however,  with  our 
present  knowledge,  that  Pictet*s  supposed  law  holds  good,  and  it  will 
require  a  considerable  amount  of  work  before  it  can  be  shown  to  be 
even  apparently  true.  Our  lists  of  the  fossils  of  different  areas  are  not 
sufficiently  complete  to  allow  us  to  generalize  with  safety,  but  a  com- 
parison of  the  faunas  of  Australia  and  Britain  indicates  a  lai^^  p^xsentage 
of  forms  common  to  the  two  areas,  as  we  examine  higher  groups  of  the 
geological  column.  If  this  indication  be  fully  borne  out  by  furth^  work, 
it  will  not  prove  the  actual  truth  of  the  law,  for  the  apparent  wider 
distribution  of  ancient  forms  of  life  might  be  due  to  the  greater  pro- 
bability  of  elevation  of  ancient  deep-sea  sediments  than  of  more  modem 
ones  which  have  not  been  subjected  to  so  many  elevatory  movements. 
Still,  if  the  law  be  apparently  true,  it  is  a  matter  of  some  importance 
to  geologists ;  and  I  have  touched  upon  the  subject  here  in  order  once 
again  to  emphasize  the  possibility  of  correlating  comparatively  small 
thicknesses  of  strata  in  distant  regions  by  their  included  organisms. 

Mention  of  Pictet's  laws,  one  of  which  states  that  fossil  animals  were 
constructed  upon  the  same  plan  as  existing  ones,  leads  me  to  remark 
uiK)n  the  frequent  assumption  that  certain  fossils  are  closely  related  to 
living  groups,  when  the  resemblance  between  the  hard  parts  of  the  living 
and  extinct  forms  are  only  of  the  most  general  character.  There  is  a 
natural  tendency  to  compare  a  fossil  with  its  nearest  living  ally,  but  the 
comparison  has  probably  been  often  pushed  too  far,  with  the  result  that 
biologists  have  frequently  been  led  to  look  for  the  ancestors  of  one  living 
group  exclusively  amongst  forms  of  life  which  are  closely  related  to  thocie 
of  another  living  group.  The  result  of  detailed  work  is  to  bring  out 
more  and  more  prominently  the  very  important  differences  between  some 
ancient  forms  and  any  living  creature,  and  to  throw  doubts  on  certain 
comparisons  ;  thus  I  find  several  of  the  well-known  fossils  of  the  Old 
Ked  Sandstone,  formerly  referred  without  hesitation  to  the  fishes,  are 
now  doubtfully  placed  in  that  class. 

The  importauce  of  detailed  observation  in  the  field  is  becoming  every 
day  more  apparent,  and  the  specialist  who  remains  in  his  museum  ex- 
amining the  collections  amassed  by  the  labours  of  others,  and  never 
notes  the  mode  of  occurrence  of  fovssils  in  the  strata,  will  perhaps  soon 
be  extinct,  himself  an  illustration  of  the  principle  of  the  survival  of  the 
fittest.  In  the  first  place,  such  a  worker  can  never  grasp  the  true 
significance  of  the  changes  wrought  on  fossil  relics  after  they  have  become 
entombed  in  the  strata,  es|)ecially  amongst  those  rocks  which  have  been 
subjected  to  profound  earth-movements  ;  and  it  is  to  be  feared  that  many 
"8|)ecics"  are  stiU  retained  in  our  fossil  lists  whose  supposed  specific 
characters  are  due  to  distortion  by  pressure.  But  a  point  of  greater 
importance  is,  that  one  who  confines  his  attention  to  museums  cannot, 
unless  the  information  supplied  to  him  be  very  full,  distinguish  the 
differences  between  fossils  which  are  variations  from  a  contemporaneous 
dominant  form,  such  as  **  sports,"  and  those  which  have  been  termed 
"  mutations,"  which  existed  at  a  later  period  than  the  forms  which  they 
resemble.  The  value  of  the  latter  to  those  who  are  attempting  to  work 
out  phylogenies  is  obvious,  and  their  nature  can  only  be  determined  as  the 
result  of  very  laborious  and  accurate  field-work  ;  but  such  labour  in  such 
a  cause  is  well  worth  performing.  The  student  of  phylogeny  has  had 
sufficient  warning  of  the  dangers  which  beset  his  path,  from  an  inspection 
of  the  various  phylogenetic  trees,  constructed  mainly  after  study  of 
existing  beings  only,  so 

"...  like  the  borealis  race, 
That  flit  ere  you  can  point  their  place '' : 
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but  recent  researches  amongst  various  groups  of  fossil  oiganisms  have 
further  illustrated  the  danger  of  theorizing  upon  insufficient  data,  especially 
suggestive  being  the  discovery  of  closely  similar  forms  which  were  formerly 
considered  to  be  much  more  nearly  i-elated  than  now  proves  to  be  the 
case.  Thus  Dr.  Mojsisovics  ^  has  shown  that  Ammonites  once  referred  to 
the  same  species  are  specifically  distinct,  though  their  hard  parts  have 
acquired  similar  structures,  sometimes  contemporaneously,  sometimes  at 
different  times  ;  and  Mr.  S.  S.  Buckman '  has  observed  the  same  thing, 
which  he  speaks  of  as  '*  heterogenetic  homceomorphy "  in  the  case  of 
certain  brachiopods  ;  whilst  Professor  H.  A.  Nicholson  and  I  •  have  given 
reasons  for  supposing  that  such  heterogenetic  homcBomorphy,  in  the  case 
of  the  graptolites,  has  sometimes  caused  the  inclusion  in  one  genus  of 
forms  which  have  arisen  from  two  distinct  genera.  As  the  result  of 
careful  work,  dangers  of  the  nature  here  suggested  wiU  be  avoided,  and 
our  chances  of  indicating  lines  of  descent  correctly  will  be  much  increased. 
It  must  be  remembered  that,  however  plausible  the  lines  of  descent 
indicated  by  students  of  recent  forms  may  be,  the  actual  links  in  the 
chains  can  only  be  discovered  by  examination  of  the  rocks,  and  it  is 
greatly  to  be  desired  that  more  of  our  geologists,  who  have  had  a  thorough 
training  in  the  field,  should  receive  in  addition  one  as  thorough  in  the 
zoological  laboratory.  Shall  I  be  forgiven  if  I  venture  on  the  opinion  that 
a  certain  suspicion  which  some  of  my  zoological  fellow-countrymen  have 
of  geological  methods,  is  due  to  their  comparative  ignorance  of  palaeontology, 
and  that  it  is  as  important  for  them  to  obtain  some  knowledge  of  the 
principles  of  geology  as  it  is  for  the  stratigraphical  palaeontologist  to  study 
the  soft  parts  of  creatures  whose  relatives  he  finds  in  the  stratified  rocks  ? 
The  main  lines  along  which  the  organisms  of  some  of  the  larger  groups 
have  been  developed,  have  already  been  indicated  by  several  palaaontologists, 
and  detailed  work  has  been  carried  out  in  several  cases.  As  examples,  let 
me  allude  to  the  trilobites,  of  which  a  satisfactory  natural  classification 
was  outlined  by  the  great  Barrande  in  those  volumes  of  his  moniunental 
work  which  deal  with  the  fossils  of  this  order,  whilst  further  indication  of 
their  natural  inter-relationships  has  been  furnished  by  Messrs.  C.  D. 
Walcott,  G.  F.  Matthew,  and  others  ;  to  the  graptolites,  whose  relation- 
ships have  been  largely  worked  out  by  Professor  C.  Lapworth,  facile 
princeps  amongst  students  of  the  Graptolitoidea,  to  whom  we  look  for 
a  fiill  account  of  the  phylogeny  of  the  group ;  to  the  brachiopods,  which 
have  been  so  ably  treated  oy  Dr.  C.  E.  Beecher,*  largely  from  a  study 
of  recent  forms,  but  also  after  careful  study  of  those  preserved  in  the  fossil 
state ;  and  to  the  echinoids  and  lamellibranchs,  whose  history  is  being 
extensively  elucidated  by  Dr.  R.  T.  Jackson,*  by  methods  somewhat 
similar  to  those  pursued  by  Dr.  Beecher.  I  might  give  other  instances,* 
but  have  chosen  some  stnking  ones,  four  of  which  especially  illustrate 
the  great  advances  which  are  being  made  in  the  study  of  the  palaeontology 
of  the  invertebrates  by  our  American  brethren. 

*  E.  Moisisovics,  Abhandl.  der  k.  k.  geol.  Reichsanst.,  vol.  vi  (1893). 

•  S.  S.  fiuckraan.  Quart.  Joum.  Geol.  Soc,  vol.  li  (1895),  p.  466. 

'  H.  A.  Nicholson  and  J.  E.  Marr,  Gbol.  Mag.,  Dec.  4,  Vol.  II  (1896),  p.  631. 

*  C.  E.  Beecher,  **  Development  of  the  Brachiopoda  "  :  Amer.  Joum.  Sci.,  ser.  iii, 
vol.  xli  (1891).  p.  343,  and  vol.  xliv  (1892),  p.  133. 

»  R.  T.  Jackson,  '*  Phylogenv  of  the  Pelecypoda,"  Mem.  Boston  Soc.  Nat.  Hist., 
vol.  iv  (1890),  p.  277  ;  and  *'  Studies  of  Palfieechinoidea,"  Bull.  Geol.  Soc.  Amer., 
vol.  vu  (1896),  p.  171. 

•  E.ff.  the  following  papers  treating  of  the  Cephalopoda :  A.  Hyatt,  **  Genesis 
of  the  ArietidsB/'  Smithsonian  Contributions,  vol.  ixvi  (1889) ;  M.  Neumayr,  Jura- 
Studien  I,  **  Ueber  Phylloceraten,"  Jahrb.  der  k.  k.  Geol.  Reichsanst.,  vol.  xxi 
(1871),  p.  297;  L.  Wiirtenberger,  '*  Studien  iibcr  die  Stammesffeschichte  der 
Ammoniten,"  liipzig,  1880;  S.  S.  Buckman,  "A  Mono^aph  of  the  Inferior 
Oolite  Ammonites  of  the  British  Islands/'  1887,  Monogr.  Paheontographical  So<u 
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I  have  occupied  the  main  part  of  my  address  with  reasons  for  the  need 
of  conducting  stratigraphical  work  with  minute  accuracy.  Maoy  of  you 
may  suppose  that  the  necessity  for  working  in  this  way  is  so  obvious  that 
it  is  a  work  of  supererogation  to  insist  upon  it  at  great  length ;  but  ex- 
perience has  taught  me  tnat  many  geolo^;iBts  consider  that  close  attention 
to  details  is  apt  to  deter  workers  from  arriving  at  important  generalisations, 
in  the  present  state  of  our  science.  A  review  of  the  past  history  of  the 
science  shows  that  William  Smith,  and  those  who  followed  aft!^  him, 
obtained  their  most  important  results  by  steady  implication  to  details, 
and  subsequent  generalization,  whilst  the  work  of  those  who  theoriie 
on  insufficient  data  is  apt  to  be  of  little  avail,  though  often  demanding 
attention  on  account  of  its  very  daring,  and  because  of  the  power  of  some 
writers  to  place  erroneous  views  in  an  attractive  light,  just  as 

''....  the  Btin  can  fling 
Colours  as  bright  on  exhalations  bred 
By  weedy  pool  or  pestilential  swamp. 
As  on  the  rivulet,  sparkling  where  it  rons, 
Or  the  pellucid  lake.'* 

Nor  is  there  any  reason  to  suppose  that  it  will  be  otherwise  in  the  future, 
and  I  am  not  one  of  those  who  consider  that  the  brilliant  discoveries  were 
the  exclusive  reward  of  the  pioneers  in  our  science,  and  that  labourers  of 
the  present  day  must  be  contented  with  the  gleanings  of  their  harvest ; 
on  the  contrary,  the  discoveries  which  await  the  geologist  will  probably 
be  as  striking  as  are  those  which  he  has  made  in  the  past.  The  onward 
march  of  science  is  a  rhythmic  movement,  with  now  a  period  of  steady 
labour,  anon  a  more  rapid  advance  in  our  knowledge.  It  would  perhaps 
be  going  too  far  to  say  that,  so  far  as  our  science  is  concerned,  we  are 
living  in  a  period  rather  of  the  former  than  of  the  latter  character, 
though  no  great  ^ological  discovery  has  recently  afiected  human  thought 
in  the  way  in  which  it  was  aflfected  by  the  proofs  of  the  antiquity  of  man, 
and  by  the  publication  of  "  The  Origin  of  Species."  If,  however,  we  are 
to  some  extent  gathering  materials,  rather  than  drawing  far-reachiug 
conclusions  from  them,  I  believe  this  is  largely  due  to  the  great  exfjansion 
which  our  science  has  undergone  in  recent  years.  It  has  been  said  that 
geology  is  "  not  so  much  one  science,  as  the  application  of  all  the  physical 
sciences  to  the  examination  and  description  of  the  structure  of  the  earth, 
the  investigation  of  the  agencies  concerned  in  the  production  of  that 
structure,  and  the  history  of  their  action  "  ;  and  the  application  of  other 
sciences  to  the  elucidation  of  the  history  of  our  globe  has  been  so  greatly 
extended  of  recent  years,  that  we  are  apt  to  lose  sight  of  the  fact  that 
geology  is  in  itself  a  science,  and  that  it  is  the  special  province  of  the 
geologist  to  get  his  facts  at  first  hand  from  examination  of  the  earth. 
The  spectroscope  and  the  telescope  tell  the  geologist  much ;  but  his  proper 
instrument  is  the  hammer,  and  the  motto  of  every  geologist  should  be  that 
which  has  been  adopted  for  the  Geological  Congress — ^^Ifente  et  malleoJ^ 

At  the  risk  of  being  compared  to  a  child  playing  with  edge  tools,  I 
cannot  help  referring  to  the  bearing  of  modem  stratigraphical  research  on 
the  suggested  replacement  of  a  school  of  uniformitananism  by  one  of 
evolution.  The  distinguished  advocate  of  Evolutionism,  who  addressed 
the  Geological  Society  in  1869  upon  the  modem  schools  of  geological 
thought,  spoke  of  the  school  of  evolution  as  though  it  were  midway 
between  those  of  uniformitarianism  and  catastrophism,  as  indeed  it  is 
logically,  though,  considering  the  tenets  of  the  upholders  of  catastrophism, 
as  opposed  to  those  of  uniformitarianism,  at  the  time  of  that  address, 
there  is  no  doubt  that  evolutionism  was  rather  a  modification  of  the 
uniformitarianism  of  the  period  than  intermediate  between  it  and  catas- 
trophism, which  was  then  practically  extinct,  at  any  rate  in  Britain.    One 
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of  my  predecessors  in  this  chair,  speaking  upon  this  subject,  says  that 
**  the  good  old  British  ship  *  Uniformity,'  built  by  Button  and  refitted  by 
Lyell,  has  won  so  many  glorious  victories  in  the  past,  and  appears  still 
to  be  in  such  excellent  fighting  trim,  that  I  see  no  reason  why  she  should 
haul  down  her  colours,  either  to  *  catastrophe '  or  *  evolution.* "  It  may  be 
so  ;  but  I  doubt  the  expediency  of  nailing  those  colours  to  the  mast. 
That  Lyell,  in  his  great  work,  proved  that  the  agents  now  in  operation, 
working  with  the  same  activity  as  that  which  they  exhibit  at  the  present 
day,  might  produce  the  phenomena  exhibited  by  the  stratified  rocks,  seems 
to  be  generally  admittea,  but  that  is  not  the  same  thing  as  proving  that 
they  did  so  produce  them.  Such  proof  can  only  be  acquired  by  that 
detailed  examination  of  the  strata  which  I  have  advocated  in  this  address, 
and  at  the  time  that  the  last  edition  of  the  "  Principles  "  appeared,  our 
knowledge  of  the  strata  was  far  less  complete  than  it  has  subsequently 
become.  It  appears  to  me  that  we  should  keep  our  eyes  open  to  the 
possibility  of  many  phenomena  presented  by  rocks,  even  newer  than  the 
Archaean  rocks,  having  been  produced  unaer  different  conditions  from 
those  now  prevalent.  The  depths  and  salinity  of  the  oceans,  the  heights 
and  extent  of  continents,  the  conditions  of  volcanic  action,  and  many 
other  things,  may  have  been  markedly  different  from  what  they  are  at 
present,  and  it  is  siu^ly  unphilosophical  to  assume  conditions  to  have  been 
generally  similar  to  those  of  the  present  day,  on  the  slender  data  at  our 
disposal.  Lastly,  uniformitarianism,  in  its  strictest  sense,  is  opposed  to 
rhythmic  recurrence  of  events.  "  Rhythm  is  the  rule  with  nature  ;  she 
abhors  uniformity  more  than  she  does  a  vacuum,"  wrote  Professor  Tyndall, 
many  years  ago,  and  the  remark  is  worth  noting  by  geologists.  Why  have 
we  no  undoubted  signs  of  Glacial  epochs  amongst  the  strata  from  early 
Cambrian  times  to  the  Great  Ice-period,  except  in  Permo-Carboniferous 
times  ?  Is  there  not  an  apparent,  if  not  a  real,  absence  of  manifestation  of 
volcanic  activity  over  wide  areas  of  the  earth  in  Mesozoic  times  ?  Were  not 
Devonian,  Permo-Triassic,  and  Miocene  times  periods  of  mountain-building 
over  exceptionally  wide  areas,  whilst  the  intervening  periods  were  rather 
marked  by  quiet  depression  and  sedimentation  ?  A  study  of  the  evidence 
available  in  connection  with  questions  like  these  suggests  rhythmic  re- 
currence. Without  any  desire  to  advocate  hasty  departure  from  our  present 
methods  of  research,  I  think  it  should  be  clearly  recognized  that  evolution 
may  have  been  an  important  factor  in  changing  the  conditions  even  of  those 
times  of  which  the  geologist  has  more  direct  knowledge.  In  this,  as  in 
many  other  questions,  it  is  best  to  preserve  an  open  mind  ;  indeed, 
I  think  that  geologists  will  do  well  to  rest  satisfied  without  an  explanation 
to  many  problems,  amongst  them  the  one  just  referred  to ;  and  that 
working  hypotheses,  though  useful,  are  better  retained  in  the  manu- 
script notebooks  of  the  workers  than  published  in  the  Transactions  of 
learned  societies,  whence  they  filter  out  into  popular  works,  to  the  great 
delight  of  a  sceptical  public  should  they  happen  to  be  overthrown. 

May  I  trespass  upon  your  patience  for  one  moment  longer?  As 
a  teacher  of  geology,  with  many  years'  experience  in  and  out  of  a  large 
University,  I  have  come  to  the  conclusion  tnat  geology  is  becoming  more 
generally  recognized  as  a  valuable  instrument  of  education.  The  memory, 
the  reasoning  faculties,  and  the  powers  of  observation  are  alike  quickened. 
The  work  in  the  open  air,  which  is  inseparable  from  a  right  understanding 
of  the  science,  keeps  the  body  in  healthy  condition.  But  over  and  above 
these  benefits,  the  communing  with  nature,  often  in  her  most  impressive 
moods,  and  the  insignificance  of  events  in  a  man's  lifetime,  as  compared 
with  the  ceaseless  changes  through  the  long  aeons  which  have  gone  before, 
80  influence  man's  moral  nature,  that  they  drive  out  his  meaner  thoughts 
and  make  him  *'  live  in  charity  with  all  men." 
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ALEXANDER  HENRY  GREEN,   M.A.,   F.R.S.,  F.G.S. 

BoHN  OcTOBKB  10,  1832.  DiSD  August  19,  1896. 

With  deep  regret  we  have  to  record  the  death  of  oor  friend  and 
brother  geologist  Professor  Alexander  Henry  Green,  M.A.,  F.B.S. 

He  was  the  son  of  the  Rev.  Thomas  Sheldon  Green,  who  was  for 
many  years  Master  of  the  Ashby  Grammar  School  and  a  classical 
scholar  of  some  repute.  A.  H.  Green  was  bom  at  Maidstone, 
October  10,  1832,  and  educated  at  his  father*8  school,  Ashby- He- 
la -Zouche,  and  at  Gouville  and  Caius  College.  Cambridge.  He 
was  Sixth  Wrangler  in  1855,  and  was  elected  Fellow  of  his 
College  the  same  year.  In  1861  he  was  appointed  an  Assistant 
on  the  Geological  Survey  of  England  and  Wales,  and  in  1867  he 
attained  the  rank  of  Geologist  During  the  time  he  was  connected 
with  the  Survey,  he  examined  considerable  areas  of  the  Jnrassio 
and  Cretaceous  rocks  in  the  Midland  counties,  and  of  the  Carbon- 
iferous rocks  in  Derbyshire,  Yorkshire,  and  other  northern  counties. 
Many  Survey  memoirs  were  written  wholly  or  in  part  by  Mr.  Green, 
among  which  are  the  "Geology  of  Banbury"  (1864),  and  the 
geological  descriptions  of  the  country  around  Stockport  (1866), 
Tadcaster  (1879),Dewsbury  (1871),  Bamsley  (1878),  and  Wakefield 
(1879).  The  memoir  on  the  geology  of  North  Derbyshire,  of  which 
the  first  edition  was  published  in  1869  and  the  second  in  1887,  was 
written  chiefiy  by  Mr.  Green.  His  most  important  Sorvey  work 
is  the  ** Geology  of  the  Yorkshire  Coalfield"  (1878). 

Mr.  Green  retired  from  the  Geological  Survey  in  1874  on  his 
a])pointment  to  the  Professorship  of  Geology  in  the  Yorkshire 
College  at  Leeds,  to  wliich  was  added,  in  1885,  the  Professorship 
of  Mathematics  in  the  same  College.  But  he  completed  some 
oiBcial  Survey  work  after  the  time  of  his  appointment  at  Leeds. 

In  1876  he  publislied  a  Manual  of  Physical  Geology,  a  work  which 
lias  taken  a  leading  place  as  a  textbook  for  students  and  teachers 
in  this  branch  of  the  science ;  a  third  edition  was  issued  in  1883. 

For  several  years  Professor  Green  held  the  Lectureship  on 
Geology  at  the  School  of  Military  Engineering  at  Chatham.  In 
the  year  1886  he  was  elected  a  Fellow  of  the  lioyal  Society ;  and  in 
1888  he  was  appointed  Professor  of  Geology  at  Oxford,  as  successor 
to  the  late  Sir  Joseph  Prestwich.  In  lb90  Professor  Green  filled 
the  office  of  President  of  Section  C  (Geology)  at  the  British 
Association,  Leeds,  and  delivered  the  customary  address.  He  served 
on  the  Council  of  the  Royal  Society  1894-5,  and  also  for  some  years 
on  that  of  the  Geological  Society  of  London,  to  which  he  had  been 
elected  in  1862.  Professor  Green  filled  the  offices  of  Examiner  to 
the  University  of  London  and  Assistant  Examiner  to  the  Science 
and  Art  Department;  he  was  also  Examiner  in  Geology  to  the 
University  of  Durham,  and  latterly  for  the  Home  and  Indian  Civil 
Service. 

His  death  took  place,  from  paralysis,  on  Wednesday,  August  19, 
1896|  at  his  residence  Boar's  Hill,  near  Oxford. 
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I. — On  some  Crush-Conqlombrates  in  Anglesey.^ 

By  Sir  Archibald  Geikie,  D.Sc,  LL.D.,  F.R.S., 
Director- General  of  the  Geological  Survey. 

THE  important  observations  made  by  Mr.  Lamplugh  among  the 
"  crush-conglomerates  '*  of  the  Isle  of  Man  suggest  that  the 
phenomena  described  by  him  may  have  a  much  wider  range  than 
had  previously  been  supposed.  Ever  since  I  had  the  opportunity 
of  going  over  his  Manx  evidence  with  him,  I  have  suspected 
that  some  of  the  fragmental  rocks  which  I  myself  have  regarded 
as  volcanic  agglomerates  might  prove  to  be  due,  not  to  volcanic 
explosions,  but  to  the  same  kind  of  underground  movements  which 
have  undoubtedly  given  rise  to  the  enormous  masses  of  **  crush- 
conglomerate "  in  the  Isle  of  Man.  The  breccias  of  Anglesey 
seemed  to  me  likely  on  renewed  examination  to  prove  to  belong 
to  the  latter  series.  Accordingly  I  recentl}'  took  occasion  to  revisit 
these  rooks,  both  in  the  centre  and  along  the  north  coast  of  the 
island.  The  result  was  entirely  confirmatory  of  my  suspicions. 
The  breccias  in  question  are,  I  now  feel  convinced,  true  crush- 
conglomerates. 

The  amount  of  mechanical  deformation  which  these  rocks  have 
undergone  is  one  of  their  most  obvious  characteristics.  On  the 
supposition  of  their  volcanic  origin  it  was  quite  conceivable  that 
coarse  agglomerates  and  volcanic  breccias  might  undergo  crushing, 
together  with  the  sedimentary  series  to  which  they  belonged,  so 
that  this  evidence  of  deformation  formed  in  itself  no  proof  that  they 
were  not  of  pyroclastic  derivation.  But  more  detailed  investigation, 
in  the  light  of  the  Manx  examples,  brings  to  view  proofs  that  this 
conglomeratic  structure  has  been  produced  by  the  breaking  up  of 
stratified  rocks  in  sitd.  At  Llangefni,  for  example,  the  strata 
afiected  appear  to  have  been  originally  shales  or  mudstones  (with 
possibly  some  fine  felsitic  tuflfs),  alternating  with  bands  of  hard 
siliceous  grit.  They  have  been  crumpled  up  and  crushed  into 
fragments  which  have  been  driven  past  each  other  along  the  planes 

*  Read  before  the  British  Association  at  Liverpool. 
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of  moTement  Every  stage  may  be  traced,  from  a  long  piece  of  one 
of  the  grit  bands  down  to  mere  rounded  and  iaolated  pebblet  of 
the  same  material.  The  grits,  being  much  mor^  reaiating,  have 
withstood  the  deformation  better  than  the  argillaceona  strata, 
which  have  been  omshed  into  a  kind  of  lostroos  slate,  or  phyllite. 
Everywhere  the  signs  of  movement  or  '*  flow-stmctore "  meet  the 
eye.  It  is  not  that  the  rocks  have  been  merely  crashed  to  frag- 
ments. The  differential  movements  which  prodaced  tbe  nptares 
also  made  the  materials  to  flow  onwards,  the  dislocated  bands 
of  grit  being  reduced  to  separate  blocks  and  pebbles,  entirely 
surrounded  in  the  moving  matrix  of  finer  shaly  paate. 

The  "agglomerates"  on  the  coast  near  Cemmaes,  so  stngnlarly 
deceptive  as  to  be  easily  mistaken  for  volcanic  necks,  prove  to  be 
capable  of  a  like  interpretation.  The  huge  blocks  of  limestone,  there 
to  be  seen  isolated  among  fragmentary  grits  and  slates,  are  referable 
to  the  disruption  of  some  of  the  limestone  bands  which  occur 
abundantly  in  the  neighbourhood.  A  gradation  may  be  traced  from 
the  slates  and  grits  outside  the  areas  of  more  severe  dislocation  into 
the  intensely  crushed  and  sheared  "agglomerate."  The  dykes 
which  out  through  these  rocks,  and  increase  the  likeness  to  trae 
volcanic  vents,  are  later  than  the  period  of  crushing  and  may  be 
traced  in  the  surrounding  slates  and  grits. 

But  though  the  volcanic  nature  of  the  rocks  believed  to  be 
agglomerates  must  be  abandoned,  the  question  of  the  original 
formation  of  the  strata  which  have  been  so  greatly  ruptured 
remains  quite  distinct  I  agree  with  Mr.  Blake  in  regarding  these 
strata  as  largely  composed  of  volcanic  detritus.  The  breccias  and 
fine  tuffs  which  alternate  with  and  overlie  the  Lower  Silurian  black 
shales,  can  be  traced  upward  into  the  mass  of  tbe  Amlwch  slates, 
which  are  full  of  volcanic  dust.  The  evidence  for  the  existence  of 
Lower  Silurian  volcanoes  in  the  north  of  Anglesey  remains  quite 
valid  and  ample,  though  we  must  abandon  the  volcanic  origin  of 
the  "agglomerates,"  which  seemed  to  form  part  of  that  evidence. 
The  production  of  the  crush-conglomerates  has  involved  the  volcanic 
as  well  as  the  non- volcanic  parts  of  the  series  in  the  same  destruction. 


IL — Notes  on  the  Superficial  Deposits  op  North  Shropshire.' 

By  C.  Callaway,  D.Sc,  F.G.S. 

IN  studying  the  rocks  of  Shropshire,  I  have  paid  some  attention 
to  the  superficial  deposits  that  lie  irregularly  scattered  over 
the  solid  strata  in  the  northern  half  of  the  county.  They  had 
previously  been  noticed  by  Miss  C.  Eyton,  in  her  little  book  "On 
the  Geology  of  North  Shropshire,"  while  special  areas  occupied 
by  them  have  been  described  by  Mr.  G.  Maw,  Mr.  C.  J.  Woodward, 
and  Mr.  A.  C.  Nicholson.     Nevertheless,  it  seemed  to  me  that  it 

'  A  brief    abstract  of    this    paper   was   read    before    tbe   British   Association, 
ol,  1896. 
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would  be  useful  to  present  a  summary  of  my  own  observations 
on  the  district  in  question,  at  the  same  time  incorporating  in  my 
notes  the  most,  important  results  of  the  work  of  preceding 
geologists. 

I  do  not  propose  to  enter  into  the  controversy  now  proceeding 
between  the  advocates  respectively  of  land-ice  and  floating-ice, 
except  in  so  far  as  the  war  has  been  carried  into  Shropshire.  The 
facts  that  I  have  collected  appear  to  me  most  consistent  with  the 
theory  that,  in  some  part  of  the  Glacial  Epoch,  the  Salopian  area 
was  submerged  to  a  depth  of  at  least  1100  feet;  that  during  the 
submergence  sandy  and  shingly  deposits  were  laid  down,  the 
materials  of  which  were  largely  derived  from  the  north  ;  that 
the  marine  origin  of  these  beds  is  demonstrated  by  an  abundant 
molluscan  fauna ;  and  that  these  deposits  were  overlain  by  erratics 
and  boulder-clay,  let  fall  by  floating-ice  as  the  floes  or  bergs 
melted  or  capsized.  I  have  not  found  a  single  fact  inconsistent 
with  this  hypothesis,  and  I  have  not  found  a  single  fact  clearly 
pointing  to  the  former  existence  in  the  Salopian  area  of  a  great 
glacier.  It  is  quite  possible  that,  on  the  flanks  of  some  of  the 
hill-ranges,  there  accumulated  the  slight  beginnings  of  glaciers, 
which  carried  debris  from  the  higher  ground  to  lower  levels;  but 
if  such  land-ice  existed  its  effects  were  not  very  marked. 

First,  as  to  the  submergence.  The  deposits  with  marine  shells, 
found  at  Gloppa  by  Mr.  A.  C.  Nicholson,  are  now  well  known. 
They  are  at  1100  feet  above  sea- level.  They  are  not  to  be  dis- 
tinguished from  shore  deposits  now  forming  at  many  parts  of 
our  coast.  The  shells  they  contain  are  often  entire,  but  they  are 
more  frequently  broken,  as  in  ordinary  littoral  sands.  The  natural 
interpretation  of  these  facts  is,  that  Gloppa  was  visited  by  the 
sea  some  time  in  the  Glacial  Epoch.  That  a  sheet  of  ice  once 
scooped  up  gravels  and  shells  from  the  bottom  of  the  Irish  Sea, 
and  pushed  or  dragged  them  to  the  top  of  the  hills  above 
Oswestry,  is  a  hypothesis  that  commends  itself  rather  to  the 
intoxication  of  the  theorizer  than  to  the  sobriety  of  the  inductive 
reasoner. 

The  sands  at  Ketley,  near  Wellington,  display  facts  still  more 
hostile  to  the  land-ice  theory.  The  lower  part  of  the  section 
consists  of  evenly-bedded  sands,  often  clearly  ripple-marked.  The 
rippled  seams  occur  one  above  another  to  a  thickness  of  some 
yards,  unmistakably  indicating  a  continuance  of  littoral  conditions. 

Sand  and  gravel,  usually  containing  marine  shells,  are  found 
scattered  over  the  surface  of  a  large  part  of  North  Shropshire.  At 
Wollerton,  near  Hodnet,  a  gravel-pit  displays  twenty  feet  of  pebbly 
beds,  with  horizontal  seams  of  red  sand.  Turritella  and  other 
molluscs  are  fairly  abundant.  Besides  the  ordinary  northern 
ermtics,  the  beds  contain  largo  pieces  of  Lias  clay,  with  Oryphaa, 
Pecten,  and  Belemniles.  Flints  are  abundant.  In  one  of  them 
I  found  a  Rhynchonella.  The  Lias  specimens  are  probably  derived 
from  the  Frees  outlier.  The  flints  have  been  referred  to  an  Irish 
origin,  but  of  this  there  is  no  proof. 
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At  Shrewsbury  a  large  pit  on  the  Severn  displays  marine  sands 
and  gravels  of  a  normcJ  type.  They  rest  on  Permian,  and  are 
overlain  by  Boulder-clay.  A  mile  or  so  north  of  Shrewsbury,  near 
Almond  Park,  the  shingle  is  very  ooarne,  rounded  fragments  up 
to  one  foot  in  diameter  being  common.  Flints  are  not  so  abundant 
as  they  are  further  east,  which  is  difficult  to  account  for  if  they 
were  derived  from  Antrim. 

A  good  exposure  of  gravel  is  seen  near  Welshampton,  not  far 
from  the  northern  border  of  the  county,  and  is  overlain  by  clay 
with  boulders  ;  but  it  is  needless  to  multiply  descriptions  of  sections 
which  present  so  many  features  in  common. 

I  may  remark  in  passing  that  I  have  never  found  clay  under  the 
sands  and  gravels  of  Shropshire.  Wherever  the  two  formations  are 
seen  together,  the  clay  is  always  uppermost.  Strictly  speaking,  the 
latter  ought  not  to  be  described  as  a  clay  at  all.  I  have  selected 
specimens  of  the  stiffest  material,  and  triturated  them  with  water 
in  a  tall  narrow  glass,  with  the  result  that  at  least  two-thirds  of  this 
so-called  clay  is  seen  to  consist  of  sand. 

I  have  already  thrown  doubt  upon  the  alleged  derivation  of  the 
Chalk  flints  from  Antrim,  and  should  be  disposed  to  refer  them 
to  an  eastern  source.  This  suggestion  receives  confirmation  from 
an  interesting  discovery  made  some  years  ago  in  Wellington. 
Gravels  were  being  excavated  within  100  yards  of  my  house,  when 
the  workmen  found  at  a  few  feet  below  the  surface  a  perfect 
specimen  of  Waldheimta  ohovata.  This  is  a  well-known  Comhrash 
fossil,  and  must  have  been  conveyed  by  currents  from  the  south 
or  east. 

There  is  one  fact  which  seems  to  me  absolutely  fatal  to  the  views 
of  tlie  advocates  of  the  action  of  land-ice  in  Shropshire,  and  that 
is  the  entire  absence  of  the  rounding  and  smoothing  ordinarily 
produced  in  glaciated  districts.  I  have  been  working  for  over 
twenty  years  in  the  county,  yet  I  have  never  found  a  roche  motitonute. 
Glacial  sands  and  gravels  are  found  up  to  nearly  the  summit 
of  Grinshill  Hill,  and  a  boulder  of  Eskdale  granite  can  be  seen 
on  the  Longmynd  Hills  at  a  height  of  1050  feet.  The  glacier  that 
deposited  this  boulder,  as  the  land-ice  advocates  believe,  must 
therefore  have  entirely  submerged  Grinshill  Hill ;  yet  that  elevation 
is  strikingly  conspiouous  for  its  angularity.  If  it  be  thought  that 
the  water-stones  of  the  Keuper  were  not  hard  enough  to  retain 
a  rounded  contour,  what  is  to  be  said  for  Lilleshall  Hill  ?  It  stands 
but  slightly  above  the  plain  of  North  Shropshire,  and  its  summit 
is  composed  of  an  extremely  hard  and  flinty  felspathic  ash ;  yet  the 
surmounting  crags  are  exceptionally  rough  and  angular.  But 
the  time  would  fail  me  to  tell  of  Charlton  Hill,  of  Primrose  Hill, 
of  the  lower  slopes  of  the  Caer  Caradoc  chain  and  the  Longmynd, 
and  of  countless  crags  and  elevations  which  would  certainly  have 
retained  hundreds  of  proofs  of  glaciation  had  an  ice-sheet  ever  passed 
over  them. 
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III. — Notes  on  the  Ancient  Hocks  of  Chabnwood  Forest.* 

By  W.  W.  Watts,  M.A.,  F.G.S. 
(Communicated  by  permission  of  the  Director- General  of  the  Geological  Survey.) 

DURING  the  re-survey  of  sheet  155  of  the  Geological  Survey  map 
by  Mr.  G.  Fox  Strang  ways,  the  writer  was  instructed  to  study 
the  ancient  rocks  where  they  crop  up  inside  the  boundaries  of  the 
Trias.  The  ancient  rocks  of  Charnwood  Forest  appear  in  isolated 
spots,  sometimes  of  considerable  size,  through  the  Trias  of  the 
Midland  Plain.  The  ohlest  rock  in  contact  with  them  is  the 
Carboniferous  Limestone  of  Grace  Dieu,  which  is  dolomitized. 
Evidence  as  to  their  exact  age  cannot,  therefore,  be  obtained  from 
superposition. 

They  clearly  existed  as  islands  in  the  Triassic  and  Carboniferous 
sea,  and  most  probably  stood  up  as  mountains  on  the  land  in  Old 
Ked  Sandstone  times.  The  Trias  runs  up  into  the  hollows  and 
valleys  of  the  old  rocks,  and  from  the  small  amount  of  debris  which 
extends  beyond  the  margins  of  the  masses  it  is  obvious  that  the 
smaller  of  these,  at  any  rate,  have  been  uncovered  at  a  time 
geologically  very  recent.  Their  features  are  not  those  of  the 
present  day,  but  date  back  partly  to  the  subaerial  denudation  of 
Old  Ked  Sandstone  and  probably  earlier  times,  and  partly  to  the 
aqueous  denudation  of  Carboniferous  and  Triassic  times.  This  is 
the  reason  for  the  peculiar  character  of  the  surface  features 
presented  by  the  old  rock ;  escarpments  are  practically  absent, 
hard  beds  are  cut  off  abruptly,  the  rocks  strike  across  the  ridges, 
and  the  landscape  generally  is  not  of  the  usual  subaerial  character. 
Present-day  denudation,  by  clearing  out  the  Triassic  debris,  has 
done  little  more  than  expose  to-day  a  pre-Triassic  landscape. 

The  ancient  rocks  themselves  may  be  classified  as  follows,  iu 
descending  order : — 

Swithland  and  Groby  slates  \ 

Conglomerate  and  quartzite  >  The  Brand  Series. 

Purple  and  green  beds  ) 

The  olive  hornstones  of  Bradgate  ^ 

The  Woodhouse  beds 

Slate  agglomerate  of  Roecliffe 

HornsUmes  of  Beacon  Ilill 

Felsitic  agglomerate 

Kocks  of  Biackbrook  '  The  Blackbrook  Series. 


>  The  Maplewell  Series. 


This  general  succession  corresponds  with  that  made  out  by  Messrs. 
Hill  and  Bonney,  with  whose  observations  the  author  is  in 
substantial  agreement. 

These  divisions  sweep  round  the  semi-dome  which  is  exposed  ;  it 
is  elongated  from  north-west  to  south-east,  and  broken  by  several 
longitudinal  faults  in  the  same  direction.  Probably  there  are  some 
cross  faults  as  well. 

The  succession  is  most  easily  made  out  in  the  eastern  side  of  the 

1  An  abstract  was  read  before  the  British  Association,  Liverpool,  Sept.  1896. 
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anticline,  but  even  here  the  details  are  very  mnoh  complicated,  and 
it  is  not  possible  to  trace  some  of  the  beds  for  any  considerable 
distance,  although  the  general  succession  seems  quite  clear.  As 
Messrs.  Bonney  and  Hill  pointed  out,  the  two  agglomerates  form 
a  most  useful  index  and  one  which  can  be  traced  for  a  great  part  of 
the  way  round  the  Forest.  The  same  may  be  said  of  the  Beacon 
Hill  beds  and  of  the  Brand  Series. 

The  bulk  of  the  rocks  are  made  of  volcanic  ingredients,  even  the 
fine  hornRtones  and  slates  being  made  of  volcanic  dust  often 
interleaved  with  tuffs  and  breccias.  When  the  lower  part  of  the 
Maplewell  Series  is  traced  round  to  the  north-west  it  becomes 
coarser,  and  eventually  passes  into  a  mass  of  very  coarse 
agglomerates,  in  which  the  succession  is  not  easy  to  unravel, 
while  it  is  much  confused  by  faulting  and  the  intrusion  of  igneous 
rocks ;  possibly  also  by  the  outflow  of  lava. 

Bardon  Hill  presents  exceptional  difficulties.  While  the  chief 
rocks  are  like  those  of  Grace  Dieu,  Cademan,  and  Whitwick,  it  lies 
altogether  out  of  the  line  of  these  rocks  and  must  owe  its  position  to 
faulting.  The  agglomerates  are  also  associated  with  a  mass  of 
porphyroid  like  that  which  occurs  in  a  normal  position  at  Peldar 
Tor  aud  High  Sharpley.  At  Bardon  this  rock  appears  to  be 
intrusive  into  the  agglomerates,  and  a  similar  explanation  may  have 
to  be  adopted  for  Sharpley,  Peldar,  and  Katchet.  Many  difficulties 
would  still  have  to  be  met,  not  the  least  of  which  is  the  occurrence 
of  boulders  of  Peldar  rock  in  some  of  the  agglomerates.  A  possible 
explanation  of  this  is  found  at  High  Sharpley,  where  porphyroid, 
which  is  now  acknowledged  to  be  either  an  intrusion  or  a  lava,  is 
nodular  in  structure ;  it  has  been  subsequently  sheared  so  as  to  put 
on  the  aspect  of  an  agglomerate. 

The  porphyroids  would  appear  to  have  been  the  first  rock  intruded 
before  much  movement  had  taken  place  in  the  rocks  ;  they  are 
sheared,  cleaved,  and  crushed  along  the  north-west  aud  south-east 
lines. 

Syenite  was  next  intruded,  generally  along  the  main  movement 
planes  such  as  faults  and  the  junction  of  the  Brand  Series  with  the 
Maj)lewell  Series.  It  has  been  somewhat  crushed  by  the  movement, 
and  its  main  divisional  planes  agree  with  the  cleavage  and  faulting 
directions  in  the  country. 

A  still  later  intrusion  appears  to  be  the  Mount  Sorrel  Granite, 
which  does  not  penetrate  into  the  Forest  proper,  while  it  is  in  contact 
with  rocks  whose  relation  to  the  rest  of  the  Forest  has  not  been 
ascertained  with  certainty.  It  is  the  only  igneous  rock  which  effects 
any  considerable  amount  of  metamorphism  iu  the  clastic  rocks  with 
which  it  is  in  contact. 

As  to  the  age  of  the  rocks,  we  have  little  to  guide  us.  They  are 
unlikely  to  be  later  than  Cambrian ;  they  are  not  at  all  like  the 
fossil iferous  Cambrian  rocks  of  Nuneaton,  they  do  not  contain 
Cambrian  fossils,  nor  do  the  Nuneaton  diorites  penetrate  them.  On 
the  other  hand,  the  movement  by  which  they  were  affected  came 
tvom  the  direction  S.W.  to  N.E.,  whilst  Lower  Silurian  and  Cambrian 
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rocks  are  generally,  except  at  Nuneaton,  affected  by  forces  which 
acted  at  right  angles  to  this. 

Professor  Lapworth,  when  with  me  in  Chamwood,  succeeded 
in  finding  a  worn  burrow  in  the  slates  low  down  in  the  Brand 
Series,  and  Mr.  Rhodes  has  since  obtained  one  or  two  additional 
examples ;  these  are  the  first  undoubted  fossils  found  in  the  Forest. 


IV. — ^NOTE    ON    THE    OOOURRENOE     OF    NfMMULITIO     LiMESTONE     IN 

South-eastern  Africa. 

By  R.  Bullen  Nbwton,  F.G.S. 

(PLATE  XV.) 

THE  object  of  this  communication  is  to  place  upon  record  the 
existence  of  Nummulitic  rocks  in  South-Eastern  Africa  ; 
the  result  of  an  examination  of  specimens  brought  me  by  their 
discoverer,  Mr.  David  Draper,  F.G.S.,  of  Johannesburg,  the 
enterprising  Secretary  of  the  Geological  Society  of  South  Africa. 

The  specimens,  comprising  two  pieces  of  limestone,  were 
obtained  in  sit  A  from  a  spot  about  100  miles  westward  of  the 
mouth  of  the  Busi  Hiver  in  Gaza-land.  One  is  of  a  light-greyish 
colour,  the  other  pink  or  flesh-tinted,  and  both  are  crowded  with 
foraminiferal  tests  in  a  good  state  of  preservation.  Some  of  the 
organisms  are  exhibited  in  relief  on  the  weathered  surfaces,  either 
as  sections  or  exteriors,  though  for  structural  details  it  was  necessary 
to  prepare  microscopical  slides.  When  these  were  completed  I  was 
able  to  determine  the  presence  of  two  rather  important  species, 
viz.  Nummulitea  perforata  and  Nummulites  Biaritzensia,  both  of 
which  occur  in  abundance  in  Madagascar,  India,  and  other 
localities. 

Professor  Eupert  Jones,  F.R.S.,  who  most  kindly  undertook  to 
examine  the  sections,  not  only  confirmed  my  identifications,  but 
was  likewise  able. to  point  out  some  other  forms,  such  as  Nummulitea 
Oueitardi,  N,  planulata,  and  varieties  of  Orhitoidea  papyraceua. 
Professor  Jones  was  inclined  to  regard  the  N,  perforata  as  more 
closely  allied  to  N.  Ghizensia  of  the  Pyramids,  but  as  Orhitoidea 
is  absent  in  the  Egyptian  limestone  he  felt  satisfied  as  to  the 
correctness  of  the  former  name.  Most  of  the  species  referred  to 
are  found  in  the  light-coloured  rock,  the  pink  material  yielding 
the  forms  of  N.  Biaritzensia  and  Orhitoidea,  Both  large  and  small 
examples  of  N.  perforata  are  present,  the  former  measuring  in  their 
longest  diameter  15  millimetres,  and  having  an  extremely  small 
nucleus ;  the  latter  being  only  three  or  four  millimetres  across  and 
possessing  very  large  initial  chambers.  This  difiference  in  the  same 
species  forms  a  good  illustration  of  the  phenomenon  usually  alluded 
to  as  dimorphism. 

Mr.  Draper  informs  me  that  there  is  a  large  development  of  this 
limestone,  and  although  at  present  without  any  accurate  details  of 
the  beds,  he  hopes  soon  to  return  to  this  part  of  Africa,  when  he 
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intends  to  re-examine  the  rooks  and  to  construct  a  map  of  the 
district. 

A  short  time  since  I  called  attention  to  the  discovery  of  Upper 
Cretaceous  strata  at  Sofala,  proved  by  the  occurrence  there  of 
Alectryonia  ungulata ;  *  now  we  have  by  this  new  evidence  distinct 
information  of  the  presence  of  Lower  Tertiary  deposits,  probably 
capping  the  Cretaceous  formation,  in  almost  the  same  area  of  South- 
Eastem  Africa. 

The  figures  accompanying  this  notice  on  Plate  XV  are  reproduced 
from  photographs  of  the  sections,  whilst  the  specimens  themselves 
hrtve  been  kindly  presented  by  Mr.  Draper  to  the  Geological 
Department  of  the  British  Museum. 

EXPLANATION   OF   PLATE  XV. 

Figs.  1  and  2. — Photo-process-reproductions  of  two  thin  slices  of  Nnmmulitic 
Limestone  (Eocene)  prepared  by  Mr.  Frederick  Chapman,  from  hand-specimens 
obtained  by  Mr.  David  Draper,  F.G.S.,  100  miles  to  the  west  of  the  mouth  of  the 
Busi  River,  in  Gaza-land,  S.E.  Africa,  exhibiting  sections  of  the  tests  of — 

Nummulitea  perforata y  De  Montf.     (Fig.  1.) 

,,  Guettardi,  D'Arch. 

,,  planuhla^  Lamk. 

,,  BiaritzetiBis^  D'Arch.     (Fig.  2.) 

Orhitoides  papyraceus^  var.,  Boubee. 

The  specimens  seen  in  the  sections  are  magnified  four  diameters. 


V. — Oscillations  in  the  Level  of  the  Land  as  shown  by 
THE  Buried  River -Valleys  and  Lateh  Deposits  in  the 
Neighbourhood  of  Liverpool.* 

By  T.  Mellard  Reade,  F.G.S., 
President  of   the   Liverpool   Geological  Society. 

THE  geology  of  the  neighbourhood  of  Liverpool  is  not  on  a  super- 
ficial view  very  attractive.  Nevertheless,  to  those  interested 
in  physical  geology  it  presents  some  phenomena  worthy  of  careful 
study. 

Treating  the  subject  on  Lyellian  principles,  and  proceeding  from 
the  latest  to  the  earliest,  from  the  known  to  the  unknown,  we 
have  on  the  coasts  of  Lancashire  and  Cheshire  an  extensive  fringe 
of  blown  sand.  In  Lancashire  it  covers  about  22  square  miles. 
In  this  blown  sand  I  have  shown  from  time  to  time  that  many 
geological  phenomena  may  be  studied,  some  of  these  being  only 
in  miniature.  For  instance,  after  a  wet  season  succeeded  by  wind 
all  the  features  of  cross-bedding  as  exhibited  in  the  Triassio  rocks 
are  beautifully  developed  in  the  sand  cliffs  after  they  have  been  cut 
into  by  a  high  tide.  Again,  sometimes  after  winter's  rain  the  water, 
banking  up  inland  against  the  barriers  of  sandhills,  breaks  its  bonds 

^  Journal  of  Concholopy,  1896,  vol.  viii,  p.  136. 

-  An  abstract  read  before  Section  C,  Liverpool  Meetine  of  the  British  Association, 
i896. 
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after  reaching  a  certain  level  and  cuts  out  miniature  river  cliflFs  and 
terraces  and  alluvial  fans  and  bottoms.*  Many  other  interesting 
phenomena  may  be  studied  which  I  have  no  time  to  deal  with  here. 

The  blown  sand  over  its  larger  area  rests  upon  peat  which, 
appearing  on  the  shore  at  Alt  Mouth,  Lancashire,  and  Dove  Point, 
Cheshire,  in  turn  rests  upon  Scrobicularia  Clays  (the  Formby 
and  Leasowe  Marine  beds  of  my  classification*).  I  have  found 
Scrobicularia  in  sitii  in  the  erect  position  in  which  they  lived  in  blue 
clay  immediately  underlying  the  peat  at  both  places.  I  also  found, 
hy  excavating  through  the  peat  at  the  Alt  Mouth,  a  bed  of  cockles 
and  other  common  marine  shells  at  a  depth  of  seven  feet.  Sewer 
excavations  made  under  my  directions  at  Birkdale  and  Hightown 
proved  the  continuity  of  the  peat  under  the  sandhills  and  its 
connection  with  the  inland  peat  mosses.  In  the  shore  peat  are  the 
stools  of  trees,  which  are,  1  am  satisfied  with  most  other  observers,  in 
the  position  in  which  they  grew.  At  the  Alt  Mouth  they  were  very 
plentiful  twenty  years  ago,  and  even  so  far  back  as  1796  there  is  an 
engraving  in  the  Gentleman's  Magazine,  quite  identifiable,  exhibiting 
**  Remains  of  a  large  Forest  near  Liverpool."  Latterly  the  peat  and 
trees  have  been  to  a  great  extent  swept  away  by  the  encroaching 
tide.  Oak  was  the  most  abundant,  mixed  with  a  great  quantity 
of  birch  and  some  Scotch  firs.  Elytra  of  beetles  are  to  be  found 
in  the  peat  and  many  bones  of  a  small  species  of  horse,  antlers  and 
bones  of  the  red  deer,  skull  of  a  Bos  longi/rons,  etc  Similar 
mammalian  remains  are  also  found  in  the  underlying  blue  clays 
and  silts. 

These  clays  and  silts — the  deposit  getting  siltier  towards  the 
base — in  turn  rest  upon  an  eroded  surface  of  Boulder-clay,  which 
in  certain  rare  cases  has  another  layer  of  peat  (Lower  Peat  bed) 
resting  upon  it.  There  is  no  doubt  that  the  surface  of  the  Boulder- 
clay  represents  a  land-surface  with  quite  as  much  certainty  as  does 
the  Upper  Peat,  and  one  that  is  cut  into  channels  by  post-Glacial 
streams  and  filled  up  by  post-Glacial  deposits. 

Underlying  all  these  post-Glacial  deposits  come  the  Low-Level 
Marine  Boulder-clays  and  Sands  of  Lancashire  and  Cheshire,  which 
in  turn  repose  upon  the  Trias,  either  the  Bunter  or  the  Keuper, 
which  may  be  well  studied  in  quarries  about  Liverpool.  The  Low- 
Level  Marine  Boulder-clays  may  be  seen  in  the  cliffs  of  Dawpool 
on  the  Dee  and  in  numerous  brickworks  about  Liverpool.  The 
clay  is  usually  of  a  brown  or  reddish-brown  colour,  and  mechanical 
analyses  through  sieves  show  various  quantities  of  sand  and  gravel 
mixed  with  clay  and  fiour  of  rock.  Many  of  the  sand-grains  are 
most  highly  polished  and  rounded,  as  also  is  some  of  the  fine  gravel. 
Mixed  with  the  clay  are  the  remains  of  numerous  shells,  of  which 
I  have  myself  collected  44  species,  many  being  of  a  Northern 
facies.^     The  clay  also  contains  Foraminifera,  and  in  some  places 

*  Science  Gossip,  1881,  pp.  198-206. 

•  **  Post-Glacial   Geology  of   Lancashire  and  Cheshire":    Proceedings  of  the 
Liverpool  Geological  Society,   1871-2. 

»  aJ.G.S.  Ib7l. 
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in  great  abundance.  At  Cook's  Lane,  Great  Croaby,  31ba.  of  clay 
yielded  to  Mr.  Joseph  Wright  900  of  one  species,  viz.  Komiamna 
depresaula,^  and  the  clay  in  the  cuttings  of  the  Seaoombe  Branch  of 
the  Wirral  Railway  yielded  them  plentifully.*  All  theae  days 
contain  boulders  in  varying  proportions,  mostly  of  Lake  District 
Silurians,  andesitic  lava  and  ash,  Eskdale  granite  and  Battermere 
granophyre,  together  with  much  Carboniferous  Limestone  and  some 
flints.  These  are  usually  planed  and  striated,  often  intensely  so. 
Very  large  erratics  of  similar  rooks  are  also  met  with.  One  now  io 
Sefton  Park,  dug  out  of  the  foundations  of  a  school  at  Edgehill,  of 
andesitic  ash,  weighs  about  six  tons.  One  boulder  of  Carbontferoas 
Limestone  which  I  got  in  a  brick-pit  at  New  Ferry  is  bored  with 
Saxicava,  many  of  the  valves  being  still  in  the  holes  in  tihL  It  is 
also  striated,  intercalated  in  the  Boulder-clay  are  beds  of  sand  and 
gravel,  of  which,  perhaps,  the  best-known  example  is  at  Blackpool, 
where  the  Boulder-clays  and  sands  as  proved  by  boring  are  nearly 
200  feet  thick  and  rest  on  the  Keuper  Marls.  In  connection  with 
the  intercalated  sand-seams  are  sometimes  to  be  seen  indications  of 
shore  action,  as  in  the  cuttings  of  the  Wirral  Railway  before 
mentioned.  Here  a  sand-bed  of  a  few  feet  thick  is  intercalated 
in  the  clays  and  covers  a  large  area.  It  is  full  of  clay  spheres  and 
spheroids,  evidently  boulders  of  the  Boulder-clay  rolled  on  the 
beach  of  sand  and  sand-coated.  Experiments  made  by  Mr.  T.  W. 
Da  vies,  F.G.S.,  show  that  it  was  impossible  to  coat  a  ball  of  the 
clay  by  rolling  it  in  sand  under  water,  but  rolled  in  damp  sand  it 
quickly  took  up  a  shield  of  sand  and  shell  fragments;  hence  we  both 
of  U8  inferred  that  the  sand-bed  represented  an  ancient  shore. 

The  Boulder-clny,  as  already'  observed,  rests  in  this  neighbourhood 
upon  the  Trias,  eitlier  Keuper  or  Bunter,  and  if  the  rock  be  of 
a  nature  fit  to  receive  8tria3  they  are  usually  found  upon  it,  being 
generally  in  a  north-westerly  direction,  though  they  frequently 
cross  each  other  at  an  angle  even  in  the  same  example,  and  at 
Millers  Bridge  I  found  cross  strije  approaching  a  right  angle.  If 
the  rock  be  soft  it  usually  either  grinds  into  sand  or  sand  and  rubble. 
I  have  never  succeeded  in  finding  a  boulder  lying  upon  the  rock  of 
which  it  could  he  said  the  strise  were  due  to  it,  but  this  may  arise 
from  the  difficulty  of  making  the  observations.  The  surface  of  the 
Triassio  rocks  under  the  Boulder-clay  without  doubt  represents 
a  land-surface  still  older  than  the  land-surface  at  the  top  of  the 
Boulder-clay  or  that  of  the  peat  and  forest  bed.  The  evidence  of 
this  is  the  suhaerial  erosion  which  has  shaped  its  orographic  forms 
and  the  river-channels  now  tilled  up  with  Boulder-clay  which 
ramify  below  the  present  surface.  Such  a  pre-Glacial  valley  was 
j)roved  to  exist  in  the  Mersey  filled  with  Boulder-clay,  which  was 
predicted  by  me  in  1873,  and  proved  by  the  Mersey  Tunnel 
twelve    years    afterwards.     If    the   clay    and   sand   deposits   were 

*  '*  Fornmiiii  feral    Boulder-clay,    Great    Crosby":    Proceedings    of    Liverpool 
Gi'olo««:ical   Society,    Se-^sidu   189.5-6. 

*  rroceediiigs  o'l  Liver|K)ol  Geological  Society,  Session  1894-5. 
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stripped  from  the  Triasaio  rooks,  we  should  behold  a  landscape  of 
a  much  more  varied  character  than  that  which  we  now  see. 

If,  as  I  have  endeavoured  to  show,  the  geological  facts  related 
prove  the  existence  of  three  land-surfaces,  the  first  in  time  being 
pre-Glacial  or,  at  all  events,  pre-Boulder-clay,  and  cut  in  the  Triassio 
rocks,  the  second  post- Glacial,  represented  by  the  buried  eroded 
surface  of  the  Boulder-clay,  and  the  third  indicated  by  the  peat  and 
forest  beds,  it  is  evident  that  there  have  occurred  a  good  many 
variations  in  the  relative  levels  of  land  and  water.  In  the  first 
or  pre- Boulder-clay  period,  taking  into  consideration  the  known 
depth  of  many  buried  valleys,  it  is  highly  probable  that  this  was. 
a  Continental  period,  with  all  the  British  Islands,  united,  and  the 
various  rivers  converging  into  one  large  river  traversing  the  basin 
now  occupied  by  the  Irish  Sea,  and  delivering  its  waters  into  the 
Atlantic  through  the  Straits  of  Galloway,  where  there  is  a  ''  broad 
ditch  "  600  feet  below  the  general  level  of  the  bottom.  The  land 
then  sank  beneath  the  waves,  and  the  marine  Boulder-clay  was 
deposited. 

Certain  supporters  of  land-ice  as  against  every  other  cause 
maintain  that  there  was  no  alteration  of  the  relative  level  of  land 
and  sea  at  this  time,  but  that  the  low-level  marine  boulder-clays 
and  sands  and  the  high-level  sands  and  gravel  are  simply  sea-bottom 
swept  on  to  the  land  by  an  ice-sheet  advancing  from  Scotland  over 
the  Irish  Sea  bed.  Suppose  we  grant  this  contention,  which  25  years' 
observations  has  led  me  to  reject,  the  pre-Boulder-clay  valleys 
running  down  to  a  level  far  below  low-water  remain  unaccounted 
for,  and  it  is  necessary  still  to  postulate  a  pre-Boulder-clay  elevation 
of  the  land  to  account  for  these  river-channels  eroded  in  the  Triassio 
rocks.  If  we  admit  this  reasoning,  and  I  see  no  escape  from  it,  the 
a  priori  assumption  against  the  probability  of  a  movement  of  sub- 
mergence during  the  Glacial  Period,  of  which,  I  maintain,  the  whole 
of  the  marine  glacial  deposits  up  to  1400  feet  are  indicative,  is 
knocked  off  its  feet.  The  first  period  of  oscillation,  then,  is  repre- 
sented by  a  high-level  land-surface,  followed  by  a  subsidence 
of  a  river-valley  system  below  the  waves,  and,  I  maintain,  by  a  still 
further  depression  of  1400  feet  during  the  deposit  of  the  low-level 
marine  boulder-clays  and  high-level  sands  and  gravels  containing 
marine  shells. 

The  second  period  of  oscillation  represents  an  emergence  of  the 
sunken  land  from  its  extreme  depression  to  a  level  above  the  sea 
considerably  greater  than  we  see  now.  In  a  minor  manner  stream 
and  river  valleys  were  cut  in  the  Boulder-clay  similar  to  those  of 
the  previous  period.  In  the  third  and  last  period  of  oscillation 
a  depression  of  the  land  again  occurred  to  the  25-feet  contour,  and 
the  post-Glacial  silts  and  Scrobicularia  clays  were  laid  down  upon 
the  eroded  surface  of  the  Boulder-clay  with  its  minor  valley  system. 

Again  a  reverse  movement  took  place,  the  land  being  elevated 
above  its  present  level,  allowing  the  growth  of  forest  trees  now 
swept  by  the  tide,  and  finally  these  were  submerged  by  the  last 
downward  movement  of  the  land. 
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That  this  in  outline  is  what  geological  history  tells  has  happened 
in  the  neighbourhood  of  Liverpool,  I  have  no  manner  of  doubt 
Similar  movements  of  the  land,  not  necessarily  in  this  order  or  of 
the  same  frequency,  are  registered  all  round  the  coasts  of  England 
and  Wales,  Scotland  and  Ireland,  as  shown  by  dock  or  other 
excavations  where  the  submarine  geology  can  be  explored. 

Whether  my  hearers  agree  with  me  or  not  in  the  details  of  these 
land  movements,  he  would  be  a  bold  man  who  would  deny  that 
they  have  occurred  on  a  large  scale  during  the  periods  named. 
Admitting  the  fact,  the  interesting  questioo  remains,  what  is  the 
cause  of  these  frequent  oscillations  of  level.  One  favourite  explana- 
tion at  the  present  time  is  that  it  is  the  eflfect  of  isostacy,  of  a  loading 
and  unloading  of  the  earth's  crust  by  sedimentation  and  denudation. 
Let  us  examine  this :  the  glacial  deposits  cannot  average  so  much  as 
200,  probably  not  100,  feet  in  thickness ;  the  effect  of  such  a  loading 
would  be  inappreciable  on  the  earth's  crust,  whatever  view  we  take 
of  the  constitution  of  the  earth's  interior.  If  the  addition  of  the 
glacial  deposits  cannot  affect  the  foundations  of  the  earth,  still  less 
can  their  partial  denudation  create  a  rise  of  land.  The  same 
reasoning  applies  with  greater  force  to  the  post-Glacial  deposits, 
as  they  are  neither  so  extensive  nor  so  massive.  Alterations  of  the 
sea-level  seem  to  me  out  of  court,  simply  because  such  fluctuations 
must  arise  from  gravitation  to  land  masses,  thus  creating  a  greater 
difficulty  to  account  for  a  lesser  one,  as  the  land  masses  have  to  be 
moved  first  before  the  water  of  the  sea  can  follow. 

Mr.  Shone  has  suggested  that  the  subsidence  of  the  peat  and 
forest  beds  has  been  due  to  subterranean  erosion,  but  they  occur  at 
too  regular  levels  and  in  too  many  places  to  render  this  a  feasible 
explanation.  Ice  in  the  Glacial  Period  accumulating  in  great 
thicknesses  on  the  land  has  been  appealed  to  as  a  cause  of 
submersion,  and  its  melting  of  emergence.  This  is  a  more  plausible 
suggestion,  because  there  is  nothing  to  bind  us  in  our  idea  of  the 
load,  which  we  can  pile  up  in  imagination  to  any  extent,  but  unfor- 
tunately it  does  not  explain  post-Glacial  movements  which  are 
demonstrated  to  have  taken  place,  not  only  by  the  facts  I  have  laid 
before  you,  but  by  the  shore  terraces  found  in  various  places  around 
our  Islands. 

It  appears,  then,  that  these  pulsations  of  the  land  are  not  due  to 
external  causes,  but  to  causes  hidden  from  us  in  the  earth's  interior. 


VI. — On   the  oocurrenoe   of  Corundum   produced   by  Contact- 

METAMORrUISM    ON    DaKTMOOR.* 
Bv  Professor  K.  Brsz. 

SOIVIE  three  years  ago,  when  travelling  in  Devonshire,  I  had  the 
opportunity  of  visiting  some  places  on  Dartmoor,  and  of 
collecting  on  the  border  of  the  Dartmoor  Granite  some  specimens 
of  rocks,  which  on  closer  examination  seemed   to    be  of  general 

*  An  abstract  of  this  paper  was  read  before  the  British  ^Vssociation,  Liverpool, 
September,  1896. 
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interest.  Although  I  have  not  finished  the  examination  of  these,  yet 
I  have  made  some  remarkable  observations,  which  I  should  like 
to  describe  to  the  readers  of  this  Magazine. 

It  is  well  known  that  the  Dartmoor  Granite  is  the  largest  of 
the  numerous  granite  exposures  of  Devon  and  Cornwall.  As  to 
its  origin  and  age,  there  have  been  brought  forward  very  many 
different  views  and  theories.  Whatever  these  may  be,  it  is, 
I  suppose,  generally  understood  that  this  granite-mass  is  of  post- 
Carboniferous  age.  The  Devonian,  as  well  as  the  Carboniferous 
strata  and  their  interbedded  contemporaneous  igneous  rocks,  have 
undergone  great  alteration  at  their  zone  of  contact  with  the  granite. 

The  place  I  visited,  where  these  alterations  are  well  exposed,  is 
near  South  Brent,  on  the  south  end  of  the  Dartmoor  Granite,  where 
a  little  stream,  the  Avon  River,  cuts  right  through  the  contact- zone. 

The  rocks  affected  by  the  contact-metamorphism  are  of  different 
characters.  I  found  Devonian  clay -slate  altered  into  chiastolite- 
slate  and  spotted  mica-slate,  while  small  seams  of  interbedded 
limestone  have  given  rise  to  the  formation  of  garnet  and  other 
minerals. 

I  may  mention  here  that  I  found  close  to  South  Brent  on  tlie 
right  side  of  the  Avon  River  one  of  these  limestone-layers,  of  about 
two  yards'  width,  almost  entirely  changed  into  garnet.  This  garnet, 
grossularia  (calcium-iron-garnet),  is  of  a  light-brown  colour,  and 
either  shows  the  very  well-developed  form  of  the  dodecahedron  or 
occurs  in  granular  masses  with  no  distinct  crystallographic  form  ; 
it  shows  a  very  strong,  anomalous,  double  refraction,  and  also  very 
distinctly  the  partitioning  into  sectors  described  by  Professor  Klein. 
The  crystals  are  sometimes  imbedded  in  a  saccaroid-grained  white 
mineral,  which  chemical  analysis  proved  to  be  the  lime-felspar 
anorthite.  Besides  these,  malacolite  and  axinite  occur  abundantly 
in  this  locality. 

It  may  perhaps  be  of  interest  to  mention  that  I  have  found 
Cassiterite  to  be  present  in  some  of  the  andalusite-bearing  schists. 
It  occurs  not  only  imbedded  in  the  long-shaped  crystals  of  andalusite 
but  also  in  the  groundraass  of  the  rock,  and  exhibits  well-definod 
crystalline  forms,  which  very  often  show  the  well-known  twinning. 

By  the  aid  of  hydrofluoric  and  hydrochloric  acid  I  succeeded  in 
isolating  these  crystals  for  chemical  analysis. 

All  these  alterations  of  the  schists  surrounding  the  granite,  which 
we  may  call  exomorphous  contact-metamorphism,  are  of  course  very 
common,  and  can  be  observed  more  or  less  intensely  developed  in 
every  granite-mass.  Not  so  common,  but,  on  the  contrary,  rather 
rarely  observed,  is  endoniorphous  contact-metamorphism,  and  it  is 
the  latter  to  which  I  desire  to  draw  the  attention  of  your  readers. 

In  the  above-mentioned  locality  I  found  in  close  contact  with 
clay-slate  a  felsitic  porphyry,  which,  in  a  light  grey -colon  red 
groundmass,  contained  a  few  small  but  rather  well-defined  crystals 
of  plagioclase.  One  specimen  which  I  was  able  to  collect  consists, 
one  half  of  this  felsitic  porphyry,  the  other  half  of  clay-slate 
altered   into  black  hornfels.      The   latter    is   very   much   broken, 
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nnd  the  irregnlar-sbaped  pieces  are  Barroanded  by  felsitio  matt^. 
I'he  microscopio  exAmination  Hbowed  that  the  felsite  oontained 
a  great  number  of  very  small  coloarless  crystals,  which  some- 
times show  distinct  hexagonal  ontlines  and  contain  minute  black 
inclosures.  These  crystals  accumulate  round  the  pieces  of  dsj- 
slate,  and  decrease  iu  number  the  further  away  from  the  slate 
one  examines  the  slice.  I  have  for  some  time  been  Tery  much 
puzzled  as  to  what  tliis  mineral  could  be.  By  dissolving  a  portion 
of  the  rock  in  hydrofluoric  and  hydrochloric  acid  a  white  powder 
remained,  which  under  microscopic  examination  proved  to  consist 
solely  of  the  crystals  in  question.  By  analyzing  these  I  found 
nothing  but  alumina  and  very  small  traces  of  iron-oxide,  probably 
due  to  the  minute  black  inclosures,  which  I  suppose  to  be  magnetite. 

I  then  tried  to  determine  the  hardness.  I  put  a  little  of  ^e 
powder  between  two  cleavage-flakes  of  topaz,  which  after  a  little 
rubbing  soon  lost  their  lustre  and  became  perfectly  dull.  There  can 
be  no  doubt,  therefore,  that  the  mineral  in  question  is  oomndam; 
and  also,  considering  the  manner  in  which  it  occurs,  that  it  is  not  an 
original  constituent  of  the  felsitic  porphyry. 

My  belief  in  regard  to  the  origin  of  this  corundnm  is  this,  that 
the  eruptive  rock,  when  the  eruption  took  place,  partly  dissolved 
and  absorbed  the  broken  pieces  of  the  clay-slate,  and  that  afterwards 
in  this  felsitic  matter,  which  was  then  supersaturated  with  alnmina, 
the  crystallization  of  the  corundum  took  place  on  cooling. 

We  are  aware  of  the  fact  that  corundum  as  a  product  of  contact- 
metamorphism  is  very  rare,  and  has,  indeed,  only  lately  been 
described  in  one  or  two  cases,  which,  however,  are  quite  different 
from  the  occurrence  on  Dartmoor.  1  therefore  thought  it  would  bo 
of  some  interest  to  record  this  discovery,  all  the  more  as  it  is,  so 
far  as  I  know,  the  first  instance  of  the  occurrence  of  corundum 
in  this  way  in  the  British  Islands. 


YII. — On  tue  occurrence  of  Sillimanite  Gneisses  in  Central 

Anglesey.* 

By  Edward  Greenly,  F.G.S. 

IN  the  course  of  some  traverses  of  the  central  region  of  Anglesey 
recently  made,  preparatory  to  mapping  it  out  in  detail,  I 
observed  a  few  facts  which,  in  spite  of  the  evident  complexity  of  the 
structures,  can,  1  think,  be  safely  described  before  completion  of  the 
niiip,  and  are  of  some  interest  in  connection  with  other  recent 
researches  in  gneissose  areas. 

The  region  in  question  (see  descriptions  by  Sir  A.  C  Kamsay, 
Dr.  Callaway,  the  Kev.  J.  F.  Blake,  Sir  A.  Geikie,  and  others)  extends 
across  the  island  in  a  north-easterly  direction  from  Llanfaelog  to 
near  Llanerchymedd. 

To  the  south-west  of  the  Holyhead  Road  granite  appears  to  occupy 
the  greater  part  of  the  surface,  but  to  the  north-east  a  complex  syst^iin 

*  An  abstract  of  this  paper  Tvas  read  before  the  British  Association,  LiTcrpool, 
-'     ber,  1896. 


Edward  Greenly — Sillimanite  OneisBea  in  Anglesey.      495 

of  gneissose  rocks  is  associated  with  the  granite.  Some  of  these,  as 
about  Craig  yr  Allor,  are  banded  hornblendio  gneisses  and  foliated 
diorites,  whose  strong  resemblance  to  much  of  the  Archadan  gneiss 
of  the  North-west  Highlands  of  Scotland  has  been  pointed  out  by 
Sir  A.  Geikie. 

But  in  the  neighbourhood  of  the  Holyhead  Koad  the  coarse 
granites  can  be  seen  in  contact  with  quartzose  and  micaceous 
schists.  The  junctions  are  very  clearly  intrusive,  the  granite  often 
passing  quite  abruptly  across  the  foliation  planes  of  the  schists, 
and  containing  many  included  fragments  of  them.  More  frequently, 
however,  the  relations  are  those  of  sills,  the  granite  lying  between 
parallel  folia,  or  passing  across  them  at  very  gentle  angles. 
Moreover,  the  schists  contain,  close  to  their  junction  with  the 
granite,  thin  seams  of  quartz,  which  are  full  of  fine  needles  of 
sillimanite,  forming  thoroughly  characteristic  "  Faserkiesel."  The 
granite  shows  no  sign  of  chilled  edges,  being,  so  far  as  I  have 
yet  observed,  quite  as  coarse  at  the  junction  as  elsewhere.  The 
phenomena  are,  in  fact,  very  closely  allied  to  those  described  by 
Mr.  Barrow  in  the  S.E.  Highlands  of  Scotland,  and  also  in  a  paper 
by  Mr.  J.  Home  and  myself,  read  before  the  Geological  Society  of 
London,  on  June  10  last,  on  "  Foliated  Granites  and  their  Kelation 
to  Crystalline  Schists  in  Eastern  Sutherland."  Fine  granulitio 
quartzose  schists,  containing  idiomorphic  magnetite,  also  occur. 

Although  sillimanite  occurs  in  certain  seams  in  the  schists  close 
to  the  Holyhead  Road,  it  does  not  appear  to  be  abundant;  and  the 
crystalline  texture  of  the  schists  is,  on  the  whole,  rather  fine.  But 
a  little  distance  along  the  strike,  to  the  north-east,  the  whole  series 
of  phenomena  become  much  more  pronounced.  Coarse,  wavy 
gneisses  appear  in  which  sillimanite  is  abundantly  developed, 
knots  and  irregular  seams  of  hard,  pale  sea-green  "  Faserkiesel," 
full  of  fine,  lustrous  needles,  being  conspicuous  on  their  rugged, 
weathered  surfaces.  Innumerable  granite  bands  and  lenticles  are 
interfelted  with  these  gneisses,  exactly  as  in  Eastern  Sutherland,^ 
and  synthetic  gneisses  of  the  same  type  occur  all  along  the  strike 
to  the  neighbourhood  of  Llanerchymedd.  The  beautiful  biotite 
gneisses  of  the  inlier  at  Tafarn-y- hotel  (whose  resemblance  to  rocks 
of  the  Scottish  Highlands  has  been  noticed  by  Mr.  Blake)  are 
almost  identical  in  character  with  those  of  Kinbrace,  in  Sutherland, 
a  region  of  excessive  metamorphism  and  intimate  granitic  injection. 
Sillimanite  is  of  frequent  occurrence,  being  sometimes  included 
in  the  micas,  which  are  large  and  well  developed.  The  thin 
granitic  seams  contain  large  and  beautifully  striated  oligoclase. 

The  whole  series  of  phenomena  closely  correspond  with  those 
of  Eastern  Sutherland,  and  I  have  little  doubt  that  they  are  of 
essentially  the  same  nature.  Certain  rock  types  occur,  however, 
which  have  not  yet  been  observed  in  the  latter  country. 

*  In  the  recognition  of  these  peculiar  modes  of  granitic  injection  will, 
I  thiak,  he  found  a  reconciliation  of  the  conflicting  views  that  have  heen 
held  as  to  the  intrusive  or  ^'interbedded''  character  of  the  granite.  I  should  like 
also  to  draw  attention  to  the  verv  vivid  and  faitliful  description  of  these  phenomena 
by  Sir  A.  C.  Earasay  ('*  Geol.  North  Wales,"  ed.  2,  p.  243). 
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The  progreftfi  of  the  mapping  (a  small  part  only  of  which  if 
completed)  will,  I  hope,  throw  light  upon  the  relations  of  t)ti« 
highly  cr\'8talline  series  to  the  schists  of  undoubtedly  elastic  origin 
which  occur  in  the  island,  as  well  as  to  those  basic  gneisses  of 
Hebridean  or  Lewisian  aspect  which  appear  to  form  part  of  tlie 
same  foliated  complex. 

YIII. — Recent  Bobings  in  thb  Red  Marl,  kbar  Liykrpool.^ 

Bv  G.  H.  Morton,  F.G.S. 
Boring  in  the  Red  Ifarl  near  AUear,  North  of  LiverpooL 

DURING  the  years  1S90-2  an  important  boring  was  made  in 
the  Red  Marl,  rather  under  a  mile  NN£.  of  Altcar  and 
nearly  two  miles  east  from  Formby  station.  Previous  to  181K), 
the  formation  was  supposed  not  to  exceed  400  feet  in  thickness,  the 
amount  proved  at  Birkdale  many  years  ago.  The  following  is 
a  section  of  the  strata  passed  through,  condensed  from  details  for 
which  I  am  indebted  to  Mr.  £.  Fidler,  who  was  connected  wiiii 
the  undertaking : — 


Ft.  in. 


5 

0 

...       28 

6 

...       16 

0 

8 

6 

...     971 

0 

...       62 

0 

1,091 

0 

X  v«l  .  •  •  ... 

Loam  and  sand 
Bouldernlay 
Sand  and  marl 
R«i  Marl   ... 
Keuper  Sandstone ... 


Tlie  diamond  boring  niacLine  was  used,  and  the  diameter  of  the 
boreholo  was  thirteen  inches  near  the  surface,  seven  and  six  inches 
through  most  of  the  Red  Marl,  and  five  inches  in  the  Keuper 
Sandstone.  The  dip  of  the  strata  was  supposed  to  be  a  few  degrees 
to  the  north-east,  as  determined  by  the  cores  brought  up.  The 
marl  separated  with  thin  laminae,  and  the  surfaces  were  often 
covered  with  pseudomorphic  crystals  of  chloride  of  sodium  from 
an  eighth  to  an  inch  across,  and  they  were  most  numerous  in  the 
middle  and  lowest  beds.  There  were  many  seams  of  gypsum, 
which  varied  in  thickness  from  a  quarter  of  an  inch  to  three  or 
four  inches,  and  a  few  diagonal  cracks  filled  with  the  same  mineral 
traversed  the  beds,  and  often  contained  fragments  of  marl  and 
presented  a  brecciated  appearance.  The  surfaces  of  the  cores  of 
gypsum  exhibited  pseudouiorphs  like  those  on  the  marl.  M()st 
of  the  marl  was  red,  but  sometimes  a  greenish  grey,  and  the  lower 
beds  contained  the  tracks  of  annelids,  which  have  been  found  on 
the  same  horizon  in  several  other  places  in  Lancashire  and  Cheshire. 
The  Keuper  Sandstone  below  the  Red  Marl  was  red  and  grey 
in  colour,  and  there  was  an  abru[)t  change  from  one  formation  to 
the  other  without  auy  transitional  strata  betw^een. 

The  object  of  the  boring  was  to  find  brine  or  rock-salt,  but  it 
was  unsuccessful,  and  the  attempt  was  made  in  consequence  of  a 
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tradition  tbat  prevails  in  the  neighbourhood  that  salt  water  occurs 
below  the  surface.  Mr.  J.  Dickinson,  F.G.S.,  in  his  Parliamentary 
Keport  on  "  The  Salt  Districts,"  refers  to  a  brine  spring  mentioned 
by  Dr.  Browning ;  and  Baines,  in  his  '*  History  of  Lancashire," 
states  that  it  "contained  as  much  salt  as  that  at  Northwich." 
Mr.  Fidler  informed  me  that  though  salt  water  has  been  frequently 
found  near  the  surface  in  various  places  in  the  district,  fresh  water 
was  found  on  penetrating  to  a  greater  depth. 

I  am  inclined  to  think  that  the  salt  water  found  about  the  surface 
of  the  country  is  in  consequence  of  frequent  floods  from  the  sea  in 
former  years,  and  the  deposit  of  spray  during  storms.  The  wind 
carries  the  fine  spray  for  many  miles  inland,  and  a  film  of  salt 
has  been  found  coating  windows  at  a  distance  of  twenty  or  thirty 
miles  from  the  sea  after  storms,  so  that  it  is  certain  to  impart 
a  sal tn ess  to  the  soil  over  the  land  along  the  coast. 

Boring  in  the  Bed  Marl  at  Ford  on  the  West  of  Bidston  Bill. 

Another  boring  in  the  Red  Marl  has  been  in  progress  during 
the  last  two  years  on  the  east  bank  of  the  Fender,  a  brook  running 
from  south  to  north  into  the  Birket  and  finally  into  Wallasey 
Pool.  The  object  of  the  boring  was  to  obtain  an  additional 
supply  of  water  for  Birkenhead,  and  I  am  indebted  to  Mr.  W.  A. 
Bichardson,  C.E.,  for  the  following  section  of  the  strata  passed 

through  : — 

Feet. 


Surface-soil 

1 

Boulder- clay    ... 

45 

Sand  and  gravel 

16 

Red  Marl 

454 

Keuper  Sandstone 

244 

Fault  rock 

7 

Upper  Soft  Sandstoi 

ae  of  the  Bunter... 

133 

900 

The  boring  was  made  with  a  revolving  iron  disc  with  steel  chisels, 
two  feet  in  diameter,  suspended  by  a  flat  rope,  but  the  cores  brought 
up  were  only  four  inches  across,  most  of  the  rocks  having  been 
broken  into  fragments,  sand  and  clay.  The  cores  showed  that  the 
strata  were  horizontal.  The  Red  Marl  was  found  to  be  much  harder 
than  usual,  and  principally  composed  of  tough  argillaceous  sand- 
stones and  shales  nearly  all  of  a  red  colour.  Very  little  gypsum  was 
found,  and  the  entire  absence  of  pseudomorphic  crystals  was 
remarkable.  It  seems  probable  that  the  deposit  was  formed  in 
deeper  water  than  the  Red  Marl  at  Altcar. 

At  Greasby,  a  village  two  miles  west  of  the  boring,  there  are  some 
beds  about  two  inches  thick  containing  small  ramifying  tube-like 
cavities  from  -jV  to  -gV  of  an  inch  in  diameter.  They  have  been 
supposed  to  be  at  the  base  of  the  Red  Marl,  but  were  found  at  several 
horizons  in  the  boring,  and  evidently  do  not  indicate  the  base,  so 
that  the  beds  at  Greasby  may  be  considerably  above  it.  The  Red 
Marl  ended  at  the  depth  of  516  feet  below  the   surface,  so  tbat 
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deducting  62  feet  for  the  Buperfioial  deposits  the  thickness  is 
454  feet,  being  about  double  the  amount  it  was  expected  to  be. 
I'here  was  an  abrupt  change  from  the  Bed  Marl  into  the  nnderljing 
Keuper  Sandstone,  which  was  penetrated  to  the  depth  of  244  feet, 
when  a  fault  was  crossed  and  the  Upper  Soft  Sandstone  of  the 
Bunter  proved  to  the  depth  of  133  feet 

The  Geological  Survey  Map  of  the  district  (Sheet  79,  N.E.)  dis- 
tinguishes the  Bed  Marl  from  the  "  Waterstones  "  at  the  base  over 
the  centre  of  Wirral,  but  it  does  not  seem  possible  to  have  made 
such  a  distinction  in  South-West  Lancashire,  where  both  are  included 
in  tlie  Bed  Marl.  At  Ford  most  of  the  marl  is  of  an  arenaceoas 
character,  while  on  the  east  of  Liverpool  the  beds  are  softer  and 
include  more  shale  and  clay.  It  seems,  however,  that  the  Keuper 
Sandstone  in  Wirnil  is  of  less  thickness  than  it  is  under  Liverpool, 
and  that  the  upper  beds  there  are  represented  by  the  "  Waterstones.'* 

IX. — The    Great    Submbrobncb  :     an    Intbrprbtatton    or   thb 
Clava  Section,  near  Inverness,  Scotland.^ 

By  John  Smith,  Monkredding. 

fJlHE  interesting  section  at  Clava,  near  Inverness,  was  first 
X  examined  geologically  by  Mr.  James  Eraser,  CE. ;  and  his 
remarks  on  it  were  published  in  the  Transactions  of  the  Geological 
Society  of  Edinburgh,  vol.  iv,  part  2,  and  in  the  Transactions  of 
the  Inverness  Field  Club,  vol.  ii. 

As  this  section  contains  a  thick  bed  of  shelly  day  situated  at 
a  height  of  503^  feet  above  sea-level,  it  has  become,  owing  to  its 
uniqueness'  in  Scotland,  of  the  very  greatest  interest  to  geologists, 
so  much  80  that  it  has  been  examined  and  reporteil  on  by  a 
committee  appointed  for  the  purpose.  The  finding  of  the  majority 
of  the  committee  has  been  that  the  shelly  clay  is  in  position,  as  it 
was  deposited  on  a  sea-bottom.  The  minority  (Mr.  D.  Bell  and 
1^1  r.  P.  F.  Kendall)  think  that  the  shells  were  carried  uphill  by  ice 
from  Loch  Ness,  then  an  arm  of  the  sea.  I  throw  in  my  lot  with 
the  majority,  and  shall  give  my  reasons  for  doing  so. 

At  the  invitation  of  Mr.  Bell  I  had  an  opj>ortunity  of  examining 
the  section,  and  spent  part  of  a  day  there  when  the  Committee 
made  one  of  their  visits  to  Clava.  This  was  at  the  time  when 
the  large  pit  was  dug,  and  there  was  an  excellent  opportunity  of 
inspecting  the  section,  and  especially  the  shelly  clay. 

The  section  at  the  main  pit,  as  published  by  the  Committee,  is  as 
follows,  the  lower  part  having  been  ascertained  by  boring  : — 

Feet. 

1.  Surfai»o-s«nl  ami  sandv  boulder-clay    43 

2.  Fine  simil  ^stratified,  yellowish-brown)    20 

3.  Shelly  blue  clay  with  stones  in  lower  part 16 

4.  Ctnirs<»  prsivel  and  Siind 15 

6.  Brown  clav  and  stones  21i 

St»lidrock,  Old  Red  «rrit. 

*  Kead  to  the  Gt'olo«rioal  StH'itty  of  Glasjjow,  February  13,  1896. 

'  Sinw  this  was  writttn  I  have  di>coTeretl  in  Ayrshire  very  nuraerons 
rxptwuri*8  ot  Hhelly  clay  at  various  levtls,  from  a  little  above  high-water  mark 
to  1061  feet  above  sea -kvd. 
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A  few  Bentenoes  may  here  be  given  from  the  report  of  the 
Committee-^ 

''The  highest  part  of  the  shelly  olay  in  the  'maia  pit'  is 
503^  feet  above  sea-level.  The  deposit  is  16  feet  thick  in  that 
section,  and  appears  to  be  continuous  for  a  distance  of  at  least 
190  yards  in  a  well-nigh  horizontal  position."  ....  "It  contains 
a  small  proportion  of  stones  usually  well-rounded  and  chiefly  near 
the  base.'*  ....  "The  shells  are  chiefly  shallow-water  species; 
some  might  have  lived  at  a  depth  varying  from  15  to  20  fathoms  ^ 
.  .  .  but  the  majority  are  littoral  forms.'*  ....  "The  shells  on 
the  whole  are  remarkably  well  preserved,  many  retaining  their 
epidermis.  They  are  neither  rubbed  nor  striated."  ....  "The 
pressure  of  the  ice  that  formed  the  overlying  43  feet  of  Boulder-clay 
would  be  sufficient  to  account  for  the  crushing  of  certain  shells, 
the  compression  of  the  annelid  tubes,  and  the  production  of  the 
system  of  cracks  in  the  clay.'* 

These  quotations  agree  perfectly  with  what  I  myself  observed 
at  the  Clava  pit.  I  will  now  first  attempt  to  show,  having  regard 
to  the  facts  of  the  case,  that  it  is  physically  impossible  that  the 
shelly  clay  with  stones,  or  even  the  shells,  can  have  been  transported 
uphill  by  ice. 

Stones  may  be  carried  long  distances  by  ice,  even  uphill,  without 
being  striated,  but  they  must  fall  on  the  surface  of  a  glacier.  The 
moment  a  stone  reaches  the  bottom  of  the  ice  it  will  begin  to  be 
striated.  The  shelly  clay  cannot  possibly  have  fallen  on  the  surface 
of  the  ice,  neither  could  it  have  been  carried  up  under  it  without 
many  of  the  shells  (if  not  all,  in  this  case)  having  been  striated. 
Novo,  not  a  fragment  of  a  striated  shell  has  been  found  in  the  shelly  clay. 

Neither  are  the  stones  in  the  shelly  clay  striated.  This  point 
I  can  myself  attest,  as  I  superintended  the  washing  of  the  stones 
from  which  the  percentages  were  taken,  and  only  three  of  them 
showed  faint  striations,  two  of  the  stones  having  been  obtained 
when  I  was  present  A  stone  striated  on  one  side  had  the  mark  of 
attachment  of  a  Balanus,  It  cannot  therefore  possibly  have  been 
striated  after  the  Balanus  had  grown  on  it.  It  was  more  likely  to 
have  been  a  scratched  stone  washed  out  of  the  Lower  Boulder-clay 

^  In  the  body  of  the  report  it  is  stated  that  some  of  the  species  still  live  at 
100  fathoms. 

I  asked  Mr.  J.  T.  Marshall,  of  Torquay,  one  of  the  anthorities  on  recent  shells, 
to  give  me  the  depths  at  which  some  of  toe  species  found  in  the  Clava  section  still 
live,  and  he  has  furnished  me  with  the  following  information : — 


Astarte  compressa 

3  to  2000  fathoms. 

,,      sulcata 

3 

400 

Leda  pemula 

5 

210 

»,     tenuis  (pygmsea) 

0 

240 

Nucula  tenuis 

3 

365 

Tellina  calcarea 

0 

128 

Natica  Groenlandica 

2 

1290 

Pleurotoma  turricula    ... 

10 

150 

,,          Trevelvana 

6 

189 

Trochus  Gropnlandicus  ... 

0 

150 

Trophon  clathratus 

3 

630 
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during  the  tubsidenoe,  from  which  the  ttriaB  had  not  been  wholly 
removed  by  subsequent  attrition. 

As  no  one  holds  the  opinion  that  the  shelly  clay  was  transported 
en  inai$e,  this  point  need  not  be  discussed.  I  merely  remark  that  we 
see  how  Carboniferous  shale  which  had  been  torn  up  by  a  glacier 
may  be  drawn  out  into  a  long  thin  hand  before  it  travels  many  yards. 
This  would  be  the  fate  of  any  shelly  clay  adhering  to  the  bottom  of 
a  glacier. 

Mr.  Bell,  in  his  paper  published  in  the  Gkolooioal  Magazihb  in 
July,  August,  and  September,  1895  (pp.  821,  348,  and  402),  offers 
the  following  explanation  of  the  mode  of  formation  of  the  shelly  till 
He  says  :  "  We  have  said  that,  if  transported  by  the  ice,  it  does  not 
*  necessarily  follow '  that  the  whole  of  this  deposit  was  conveyed 
simultaneously,  or  en  maiBe.  Briefly,  our  idea  is  that  it  may  have 
been  conveyed  very  gradually,  and  deposited  in  an  extra-glacial  lake, 
formed  at  this  point  along  the  side  of  the  ice-sheet,  into  which  part 
of  the  materials  being  carried  by  the  latter  (fine  mud,  rounded 
stones,  shells,  etc.)  dropped  and  were  accumulated." 

I  have  already  stated  that  it  is  physically  impossible  that 
part  of  a  sea-bottom  could  be  taken  up  and  carried  forward  by 
ice  (in  the  Clava  case  the  marine  material  would  require  to 
have  travelled  over  "  hill  and  dale "  some  ten  miles)  without  the 
shells  being  striated.  We  have  plenty  of  shelly  tills  that  have 
been  dragged  a  bit  by  land-ice,  but  in  them  the  shells  (nearly 
always  fragments)  are  mostly  striated.  Two  stones  from  the 
shelly  clay  had  several  Balani  attached  to  them,  and  three  others 
had  marks  of  the  bases  of  Balani  still  upon  them.  Some  of  the 
shells  of  Astarte  had  both  valves  in  position,  but  crushed. 

But  for  argument's  sake  let  us  suppose  that  the  ice  has  delivered 
its  burden  at  Mr.  BelFs  hypothetical  lake  some  500  feet  above  the 

S resent  sea-level,  or  some  400  feet  above  the  then  sea-level,  for 
[r.  Bell's  hypothesis  demands  a  small  subsidence.  In  the  first 
place,  the  stones  (now  in  the  shelly  till)  would  require  to  have 
had  their  striaa  removed,  which  could  only  have  been  done  by 
being  rolled  in  water.  (They  are  all  well-rounded  stones,  and 
could  not  have  fallen  as  8plinter8  from  a  cliff  upon  the  top  of  a 
glacier.)  Now  the  Clava  shelly  clay  says — "  No,  this  cannot  have  been 
the  case.  I  am  a  mud;  there  were  no  currents  flowing  where  I  was  laid 
down ;  there  is  not  a  single  line  of  stratification  in  me."  In  the  second 
place,  there  would  be  water  flowing  through  this  hypothetical  lake 
which  would  cause  the  deposits  to  be  stratified.  And  there  would 
be  the  further  impossibility  of  substituting  complete  for  broken  and 
scratched  shells. 

It  is  clear,  then,  that  this  deposit  (the  shelly  clay)  could  not 
possibly  be  formed  in  this  way ;  it  is  a  deep-water  deposit  formed  in 
the  sea  where  there  were  no  bottom  currents.  Had  it  been  formed 
in  an  upland  tarn  it  ought  to  have  contained  abundance  of  vegetable 
matter,  fresh-water  mollusca,  fresh-water  diatoms,  fresh-water 
Ostrncoda,  etc. ;  but  there  is  not  a  vestige  of  anything  organic  in  it 
that  is  not  marine. 
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I  will  now  give  mj  own  interpretation  of  the  CIata  section. 
commenciDg  with  the  lowest  bed. 

Bed  No.  5  is  described  as  *' brown  claj  and  stones,'*  and  is 
probably  the  Lower  Boolder-clay,  hot  as  it  is  onlj  known  from 
boring,  nothing  farther  need  be  said  about  it. 

Bed  No.  4  is  composed  of  coarse  gravel  and  sand.  I  shall  call 
it  tbe  basal  ^^vel  of  the  Interglacial  Period,  and  explain  mj  reason 
for  this.  When  a  coantry  is  sinking  below  the  sea,  the  shore  waves 
constantly  agitate  the  material  they  come  in  contact  with,  washing 
out  tbe  mud  and  forming  gravels  and  sands.  These  may  in 
time  form  what  are  known  as  Ixual  ccmtjlomeraies,  from  lining 
found  at  the  bases  of  the  great  formations.  This  bed,  then,  I  take  to 
have  been  formed  by  the  waves  when  the  land  was  sinking.  It  may 
originally  have  contained  abundance  of  shells,  etc.,  but  in  such  loose 
material  fossils  are  seldom  preserved. 

On  the  top  of  it  comes  the  shelly  day,  16  feet  in  thickness,  with 
Rtones  up  to  six  inches  in  diameter,  mostly  in  the  lower  part  It 
has  no  stratification,  no  bedding-planes;  the  stones  cannot,  then, 
have  been  rolled  into  it  by  bottom  currents.*  If  they  had  been 
60  derived  it  would  have  been  a  gravel  bed  instead  of  a  mud  l)ed 
with  stones  ;  currents  strong  enough  to  have  rolled  along  stones 
from  two  to  six  inches  in  diameter  would  have  swept  away  all  the 
muddy  material. 

The  shelly  clay  has  been  formed  in  deep  water  by  surface  currents 
carrying  muddy  water,  and  thin  shore-ice  carrying  mud,  sand; 
atones,  and  littoral  species  of  shells.  It  also  contains  ten  species  of 
shells  that  may  have  lived  at  a  depth  of  150  fathoms ;  and  as 
many  of  those  which  have  lived  at  moderate  depths  may  have  been 
cast  ashore  and  caught  up  by  the  shore-ice  which  carried  the 
stones,  there  is  no  diflSculty,  in  this  view,  of  seeing  how  shells 
which  lived  at  different  horizons  may  have  been  commingled  in 
the  Clava  shelly  clay. 

The  next  bed  is  composed  of  fine  stratified  sand,  with  some  very 
small  stones.     It  is  20  feet  in  thickness,  and  is  yellowish-brown  in 


^  At  a  depth  of  3|  feet  in  the  clay  a  horizontal  line  waa  observed,  and  at  6  or  7  feet 
Mrcaks  or  thin  layers  of  sand  and  gravel  were  seen,  but  thene  do  not  ut  all  affect 
the  argument.     There  was  also  a  transition  bed  of  2  feet  in  thickness  at  the  bottom 
«f  the  shelly  clay,  with  a  well-defined  bedding-plane  between  it  and  the  gravel  Xstdi 
helow,  the  2  feet  bed  being  mixed  with  fine  gravel. 
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colour.  It  has  been  formed  bj  bottom  carrents,  and  has  ererj 
appearance  of  a  sand  that  was  at  one  time  filled  with  shells  which 
have  been  dissolved  away  bj  acidulated  water.  It  is,  in  fact,  what 
is  known  as  a  "  rotten  sand.** 

At  page  14  of  the  report  it  is  stated  that  spines  of  EMmm9  and 
Spatangus  were  obtained  in  No.  6  bore  at  a  depth  of  21  to  24  feet, 
in  hard-bound  sand.  This  may  have  been  Uie  same  bed  as  the 
above. 

The  top  bed  is  $andy  Boulder-clay  and  stones,  of  the  great 
thickness  of  43  feet,  and  I  take  it  to  be  a  ground  moraine  ^  of  the 
second  glaciation.' 

I  have  now  only  to  add  that  when  the  glacial  deposits  (drift 
formation)  receive  a  closer  examination  than  has  hitherto  been 
given  to  thera,  many  more  proofs  of  their  marine  origin  will, 
I  think,  be  forthcoming.  The  most  accessible  exposures  are  the 
scaurs  of  drift  along  the  stream  courses,  and  I  seldom  return  from 
a  day*s  examination  of  them  without  finding  additional  proofs  of 
the  whole  drift  formation  having  been  deposited  in  the  sea. 


X. —  NOTKS    ON    THE    GliOBIOERIKA    LiMESTONKS    OF    THK    MaLTSSI 

Islands. 
By  John  H.  Cooks,  F.G.S. 

THE  Globigerina  Limestones  of  the  Maltese  Islands  consist  of 
a  series  of  beds  of  varying  character,  the  upper  portions  of 
which  belong  to  the  Lower  Langhian,  while  the  lower  are  referred 
to  the  Upper  Aquitanian.  The  formation  extends  throughout  both 
islands,  but  in  the  north-western  and  western  portions  it  \h  masked 
by  overlying  beds  of  clays,  greensands,  and  limestones,  of  Tortonian 
and  of  Helvetian  age. 

The  Maltese  Langhian  may  be  divided,  lithologically,  into  two 
well-marked  sub-series — the  upper,  which  includes  the  •*  Marls  and 
Clays,"  and  extends  from  the  base  of  the  Greensands  to  the  top  of 
the  Globigerina  Limestones ;  and  the  lower  portion,  which  includes 
the  beds  A  to  F  of  the  "Globigerina"  series.  Palaeontologically 
both  divisions  agree  closely,  and  contain  such  characteristic 
Langhian  forms  as  Aturia  aturii  and  Pecten  denudatus.  The 
palasontological  analogies  of  the  two  groups  ai*e  shown  in  the 
synoptical  table  of  fossils  at  the  end  of  this  paper.  The  total 
thickness  of  the  formation  ranges  from  150  feet  to  250  feet 

Regarded  vertically  the  following  tabular  summary  gives  the 
serial  order  and  the  thicknesses  of  the  subdivisions. 


*  From  what  I  have  since  seen  in  AjTshire  I  have  been  obliged  to  abandon  the 
idea  that  the  Boulder-clays  are  grottnd  moraines  pure  and  simple.  I  think  there 
is  ample  proof  that  they  are  marine  deposits.  In  places  where  they  have  been 
dragaed  a  nit  by  the  last  glacier-ice  they  become  ground  moraines. 

^  It  is  not  here  argued,  of  course,  that  during  the  period  between  the  two  Boulder- 
clays  the  country  was  entirely  free  from  ice. 
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The  Globioerina  Limestones. 


Sub. 
division. 


A 
B 
C 
D 


£ 


6 
H 


Lithology. 


A  ferruginous,  argillaceous  freestone. 
First  seam  of  phosphatic  nodules. 
A  fine-grained,  bluish  freestone. 
Second  seam  of  phosphatic  nodules, 

with  smaller  seams  above  and  below 

locally  developed. 
Fine-grained  limestone,  with  several 

bands  of  phosphatic  nodules  locally 

developed. 
A  massive,  compact  limestone,  with 

chert  nodules. 
Third  nodule  seam. 
A  variously  textured  limestone,  with 

phosphatic    nodules   sparsely  dis- 

tributed. 
Fourth  seam  of  phosphatic  nodules. 


Thickness 


15  to  30  ft. 

1  foot. 

30  to  50  ft. 

1  to2ft. 


35  to  50  ft. 


30  to  50  ft. 

1  to  2  ft. 
50  to  80  ft. 


2  to  4  ft. 


Series. 


Equivalents 

in  Vienna 

Basin. 


A 


u 


o 
OQGO 


Bed  A,  — The  **  Marls  and  Clays "  that  overlie  this  formation 
graduate  downwards  into  a  close-textured,  fine-grained  freestone, 
the  upper  portion  of  which  contains  from  25  to  30  per  cent,  of 
alumina,  but  towards  the  lower  part  this  percentage  decreases 
until  the  ratio  of  alumina  to  calcium  carbonate  is  as  1  to  9.  The 
bed  is  variously  coloured,  the  upper  layers  being  generally  of 
a  bluish-grey,  and  the  lower  part  of  a  light-yellow  or  yellowish- 
ashen  colour.  Iron  pyrites  abound,  and  it  is  to  the  decomposition 
of  these  that  the  tinctorial  variations  are  due.  Organic  remains 
are  plentiful,  but  as  a  rule  they  are  so  pseudomorphed  with  either 
peroxide  or  phosphate  of  iron,  as  to  be  barely  recognizable.  The 
carbonate  of  lime,  of  which  the  shells  were  originally  composed, 
has  been  wholly  or  partially  replaced  by  carbonate  of  iron,  and 
this,  by  subsequent  oxidation,  has  been  converted  into  a  hydrous 
peroxide.  The  pyritized  condition  of  the  fossils  is  a  feature  of  this 
bed.  The  most  prevalent  and  characteristic  forms  are  Aturia  aturii, 
Pecten  Koheni,  Pecten  denudatuSj  Chenopua  pes-pelicanty  Dolichotoma 
cataphraclaf  NuciUana  fragilis,  and  Marginella  Deshayeai,  Many 
forms  of  the  GorgonidsB,^  e.g.  his  Peloritana,  I.  3fe/i7«n«f«,  and 
I.  compre8$a ;  the  claws  and  carapaces  of  Cancer  macrocephalua ;  and 
the  tests  of  pteropods,  chiefly  Vaginella  and  Hyala,  invested  in 
thin  metallic-iron  coverings,  are  also  numerous. 

The  Scalaria^^  which  make  their  first  appearance  in  division  F, 
and  are  continued  in  the  successive  beds  up  to  the  ''  Marls  and 
Clays,"  are  here  represented  by  the  minute  form  S.  Meliten»is,  Fuchs. 

*  For  the  determination  of  the  Gorgonidse  I  am  indebted  to  Professor  Angelli, 
University  di  Roma. 

*  Mr.  G.  F.  Harris,  F.G.S.,  kindly  determined  the  Scalaria 
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Of  the  Ecbinodermata,  Echiuocyawuu  Simden,  ErJbmolnpcf  Mi 
Hemia$t€r  vadoiUM,  Sar$ella   anteroalto^  mud  Sckizasier  Pmrkimtam, 
are  fannd  here  and  in  the  underlying  diTunooB  B,  C«  and  D. 

At  this  horizon  lignite  is  of  oommon  oocorrenoe.  Mr.  X. 
Ta^liaferro  described  a  piece,  in  the  pages  of  the  MediiermeaM 
Naturaligt  for  June,  1893,  that  measured  11  ids.  x  4  ins.  X  lin-t 
and  which  a  microscopical  examination  showed  to  be  the  outer 
layer  of  a  tree-trunk. 

Division  B :  the  first  nodole  §eam, — A  seam  of  pbosphatic  nodales 
forms  the  base  of  the  limestones  of  division  A.  The  diff  ex- 
)K>8ures  along  the  southern  shores  of  Malta  show  this  seam  to 
average  about  9  inches  in  thickness,  and  the  nodules  are  small  and 
sparsely  distributed.  But  in  the  hill  escarpments  of  Emtarfa, 
>Vardia,  Boschetto,  and  Hempsia  it  averages  15  inches,  and  the 
no<lules  are  large,  numerous,  and  compactly  cemented  together 
in  a  pbosphatic  paste.  Most  of  the  nodules  and  the  fossils  foond 
with  them  are  of  a  jet-black  colour,  and  they  have  a  high,  metallic 
lustre.  In  composition  they  vary  from  the  nodules  contained  in  the 
underlying  seams,  being  composed  for  the  most  part  of  phosphate 
of  iron.  Of  the  fossil  organisms  the  corals  are  a  noteworthy  feature. 
The  following  species  occur  in  abundance:  Troehocifathms  latero- 
eri$tatu$,  T.  pyramidatuSy  Flabellum  avictda,  and  jP.  iniermediuwL, 
Ail  of  these  species  have  a  considerable  vertical  range,  being  aUo 
found  in  the  Tongrian  of  Dego,  the  Helvetian  of  Torino,  of  Belforte, 
and  of  Yal  Salice,  the  Tortonian  of  Tortona  and  of  Stazzano,  and 
in  the  Pliocene  of  Zinola.  In  the  Maltese  Islands  they  occur  in  the 
subdivisions  A  to  I. 

Dirision    C. — This   bed   consists   of  a   variously    textured    rock, 
having  a  reddish-yellow  colour.     The  upper  portion  is  coarse  and 
susceptible    to    weather    influences ;    but   it    merges    imperceptibly 
into  a  fine-grained,  compact  limestone,  massive  and  homogeneous, 
and  with  a  total  absence  of  the  ten  dene  v  to  cleave  which  charac- 
terizes  the  coarser  variety.     Small  concretionary  masses  of  hiematite 
and  chert  frequently  occur,  and  when  the  rock  is  cut  through  they 
appear  on  the  slabs  as  Mack  or  red  blotches  which  are  known  locally 
as  Buaba  or  finger-marks.     Thin  layers  of  pbosphatic  nodules  are 
locally   developed   at    Fom-ir-Rieh,    but    they    seldom    extend   far. 
The  fauna  of  the  bed  is  similar  to  that  of  B  and'  D;  but  several 
fossils  of  note  occur  in  it  that  are  deserving  of  mention.     A  portion 
of  a  carapace  of  turtle,  Tryonx  Melitensis,  Lyd.,  was  obtained  by 
Mr.  G.  Gollcher ;  a  fragment  of  the  symphysial  part  of  the  slender 
mandible  of  '^Ichthyosaurus  gandensis,  Hulke,  was  exhumed  at  Marsa 
Forno;  the  greater  portion  of  the  jaws  of  Tomistoma  champsoides 
and   the  remains  of  numerous  crocodilians  and  whales  have  been 
obtained  from  this  horizon  by  Adams  and  others. 

The  Brachiopoda  are  here  well  represented  by  Terebratula 
caput'Serpeiitis,  T.  minor,  and  T,  Cortce  var.  parumlobata,  De  Greg. 

Division  D:  the  second  nodule  seam, — This  bed  consists  of  an 
aggrep:ation  of  irregularl^'-shaped  nodules,  intermixed  with  enormous 
quantities  of  the  phosphatized  remains  of  molluscs,  echiuoderms, 
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crastaceans,    corallines,    fish,   and   cetaceans.     It    has  an    average 

thickness  of  about  18  inches,  and  it  is  very  uniform  in  its  general 

physical   and   chemical   aspects.     The   intei'stitial   cement  contains 

about  2  per  cent,  of  phosphoric  anhydride,  all  of  which  is  found  in 

combination  with  iron,  alumina,  or  lime.      These  nodules  contain 

a  much  higher  percentage  of  alumina  and  of  iron   than  do   the 

nodules  of  seam  iv. 

The  following  analysis  shows  the  composition  of  the  nodules  of 

this  seam  :-^ 

Carbonate  of  lime  (Ca  CO3)       40*24 

Sulphate  of  lime  (Ca  SO4) 1-65 

Phosphate  of  lime  (Ca3  2  PO4) 3952 

Phosphates  of  iron  and  alumina 6*60 

•'■■"•'•vIUD...  •••  ...  *(.  .«,  .«.  a. a  ,(.  aaa  aaa  ,..  L  Zl    l/vl 


99-81 


The  interstitial  cement  is  of  a  very  soft  nature  and  readily 
disintegrates.  The  nodules  and  fossils  therefore  drop  out  in  con- 
siderable quantities  along  the  bases  of  the  valley  escarpments,  and, 
becoming  incorporated  with  the  soil,  they  render  it  highly  fertile 
and  productive.  Many  of  the  fossils  are  of  a  jet-black  colour, 
due  to  the  substitution  of  the  pre-existing  phosphate  of  lime  for 
phosphate  of  iron  by  the  decomposition  of  bicarbonate  of  iron.* 
Peeten  denudatu8y  P.  Pandora^  and  P.  variana  occur ;  Scalaria  retusa 
is  common  ;  but  S.  Ducei  is  rare.  Among  the  echinoderras  Brissopis 
erescenticuB,  Schizaster  Parkinsoni,  and  Briaaua  latua  are  common. 
Pteropods  and  large-sized  Foraminifera,  chiefly  GrisUllaria  and 
Nodosnria,  are  enormously  prevalent,  as  well  as  the  teeth  of  Telostean 
and  other  fish,  and  the  rib-bones  and  vertebras  of  Cetaceans. 

Division  E. — This  bed  is  fully  developed  in  nearly  every  portion 
of  the  two  islands,  and  it  is,  therefore,  the  most  conspicuous  strati- 
graphical  member  of  the  series.  In  colour  it  varies  from  blue  to 
a  pale  ashen-gray,  and  it  has  an  average  thickness  of  about  40  feet. 
It  is  traversed  at  diflerent  levels  by  two  thin  seams  of  phosphatio 
nodules ;  but  though  of  frequent  occurrence  they  are  only  locally 
developed.  They  commence  and  break  off  very  abruptly.  At 
Maddalena,  near  the  northern  extremity  of  the  Great  Fault,  three 
of  these  seams  are  shown,  the  uppermost  of  which  is  very  pockety 
and  disappears  in  an  easterly  direction,  while  to  the  westward  it 
thins  out  and  breaks  off  abruptly.  The  remaining  two  ma}'  be 
traced  for  50  yards  to  the  east,  when  they,  too,  break  off  abruptly. 
Thin  mounted  sections  of  the  rock  show  them  to  be  made  up 
almost  entirely  of  the  tests  of  minute  foraminifera,  among  which 
Globigertna  predominate.  The  corals  and  the  Scalaria  now  become 
very  rare ;  and  pelagic  mollusca  and  other  forms  characteristic  of 
deep  waters  take  their  place.  Terebrattda  ainuosa^  Balantiuniy  and 
Vaginella  depresaa  occur*  at  this  horizon.  I  obtained  two  specimens 
of  Aturia  aturii  (British  Museum  Collection)  from   the  middle  of 

^  Bicarbonate  of  iron  would  bo  formed  by  the  reaction  of  iron-oxide,  and  carbonic- 
oxide  derived  from  decaying  organic  matter. 
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this  bed ;  bat  below  this,  Aima  does  not  teeni  to  oocor,  its  plan 
Vieing  taken  by  a  Urge  naatiliform  oephalopod,  many  casts  of  which 
ma  J  be  seen  in  the  Valetta  Moseam. 

bieimou  F. — ^The  rock  of  this  division  is  a  ydlowisli,  aoft-leztiirad 
limestone,  homogeneous  and  fine-grained,  and  oompoaed  for  the  mo«t 
part  of  minute,  thin-shelled  teau  of  foraminifera.  The  fonnstion 
extends  throughout  the  islands,  but  it  raries  in  thickness  from 
50  feet  in  the  western  partjt  of  Gozo  to  30  feet  in  eastern  Mslti. 
A  characteristic  feature  of  the  bed  is  the  quantitj  of  silieeoui 
concretioos  which  occur  in  the  lower  parts  of  the  formation.  These 
concretions  have  already  been  described.'  The  upper  portion  of  thii 
bed  is  not  prolific  in  fossils,  but  in  the  lower  part,  and  especially 
in  and  around  the  pockets  of  phosphatic  nodulea.  n ambers  are  to  be 
found  in  a  good  state  of  preste'rvation.  The  moUasca  are  nnmerouslj 
rep  resented :  Peciem  demmdaimt^  P.  tpimmIotm§^  P.  crts/alos,  Cosai 
dmbius,  C  Biutigeri,  and  casts  of  Arc^i  ar«  Terr  common.  Of  the 
corals,  the  eight  species  that  oocor  in  the  overljin^  beds  are  also 
found  here. 

The  remains  of  cetaceans  and  sharks  are  common,  and  it  was 
from  this  horizon  that  the  teeth  and  Tertebrse  of  Pkoea  rmgomdm ' 
were  obtained.  It  is  noteworthy  that  no  i^caimrim  have  been  found 
below  this  bed.  Cirjo/reaui  ref wa.  C  Dmcti^  and  C.  pmmUetmm  were 
found  above  the  third  nodule  seam,  but  thev  were  rare.  Another 
interesting  fossil  which  seems  to  make  its  first  i^peaimnoe  here  is  the 
pteropod  Carolina  Cookei^  Simonelli.^  Its  vertical  range  is  very 
limited,  as  it  appears  to  be  strictly  confined  to  this  horizon.  The 
j»'\:kety  phosphatic  seams  a:  Ki'a  an  I  XeachiA  in  Gozo  yield 
it  in  c-3mpArative  aluirilmoe.  L^-iring  :he  oonscmction  of  the  new 
d-Xrk  at  Buriu.'la.  nuiu-er-ii*  ribs,  vertebra?,  and  tet-th  of  reptiles 
Livin;:  croo>iiliin  afiuitirs  were  vlisovered  in  this  bed.  A  pjrtion 
•.•f  a  >kill  oi  TomUiJ  '%a  chamy^oid'!*  with  :eeth  »  f/tv  and  with  two 
venel'HP  imb^iie^i  bv  the  si  :e  of  it  were  obtained  trom  the  lower 
p.rtion  'A  rhe  t»e«i  by  the  I>.vk  engineer,  an^l  were  presented  by  him 
to  the  Va'.etta  Univer*iTv.     SeverAi  lirge  r-i^jces  of  amber,  of  a  dirt? 

•  «-  a  m 

brown  c  lotir  and  semi-opaijue.  were  lound  imbedded  in  the  rock 
at  the  same  place. 

LnrUicm  G:  the  third  iiO'i^uV  t-fim. — Tnis  layer  of  phc«phatic 
n^iules  forms  a  well-marke^i  hu'riion  in  :he  straraof  Maha  and  Gozo. 
The  UvMules  are  smilh  and  they  h^ve  a  ^:Teenish  lustre  due  to  the 
presence  of  glAUv.vui:e  and  phosphite  of  iron.  In  chemical  <\^ui- 
j-:>it;on  thry  vary  o.  nsi  irrai  .y.  :h^se  p-ortii>ns  of  the  seam  being 
the  nches:  in  phosph  no  acii  which  arv  the  more  comp^act  aud 
f'.^ssilirerous.  The  1. 11.^ wing  analysis  maie  by  Mr.  J.  P.  Walton, 
A.K.S.3I.,  represents  the  average  ccmpo*ition  of  the  bed  : — 

*  0  .  «t\  J.  H..  '••*::  izi  Fli=t  i--i  O'irr:  ::  Vi-*  Gl^Vl^rina  Ii3Kst*>ae$  of  the 
M.v'.w  Ma^-U":  Gi-.L.  Mv;.,  l>rc.  HI.  V  :  X.  :yi3,  ?.  loT. 

Osoi.  Ma.;  .  mv.  IV.  V  .  II.  MiT.  :>,.:.  p. .:? 
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Carbonate  of  lime           51*70 

Phosphate  of  lime           41*46 

Peroxide  of  iron J -82 

Insoluble  siliceous  matter          3*55 

Moisture,  etc 1*47 
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This  seam  is  specially  interesting,  as  it  seems  to  mark  the  line 
of  demarcation  between  the  Langhian  and  the  Aquitanian  series. 
It  is  not  80  fossil iferous  as  the  other  phosphate  seams.  Fecten 
denudatus  and  Aturia  aturti,  which  are  so  characteristic  of  and 
prevalent  in  the  overlying  beds,  are  neither  found  here  nor  in  any 
of  the  strata  beneath.  Teeth  and  bones  of  Fkoea  rugoaidena,  Owen, 
were  obtained  from  this  horizon  in  the  neighbourhood  of  Marsa 
Fomo,  Gozo.  Peniacrinus  Qaataldi, .  Scalpellum  Melitenaia,  Trocho- 
cyathua  later O'Cristatuat  T.  pyramidatu8f  T,  vericoatatua,  several 
species  of  Flahellum,  and  Stephanocyathua,^  are  very  abundant 

Diviaion  H. — This  bed  of  limestone  constitutes  a  considerable 
bulk  of  the  series  that  represent  the  Maltese  Aquitanian.  It  varies 
from  50  to  80  feet  in  thickness,  and  it  crops  out  in  every  valley  and 
cliff  in  the  two  islands.  The  general  character  of  the  bed  is  that 
of  a  yellowish-grey  limestone.  Sections  of  the  rock  under  the 
microscope  show  it  to  be  made  up  almost  entirely  of  the  calcareous 
skeletons  of  foraminifera,  among  which  those  of  the  Globigerinse, 
TextulariaB,  Uvigerin»,  and  Orbulinaa  are  the  most  numerous. 
Minute  gi*ains  of  glauconite,  granules  of  oxide  of  iron,  and  curiously- 
formed  nodular  masses  of  manganese  having  radiating  arms  of  the 
same  mineral,  are  also  abundant. 

Coccoliths  and  rhabdoliths  are  also  present,  and  like  those  con- 
tained in  the  Pieira  Lecceae  and  in  the  Sicilian  rocks  (Ragusa)  they 
are  of  forms  similar  to  those  that  have  been  collected  in  the  Adriatic 
in  depths  of  from  500  to  700  fathoms  and  described  by  Schmidt.* 
This  limestone  is  remarkable  for  the  change  in  the  fauna  which 
manifests  itself.  Scutella  airiatula,  Thectdium  Adamait  HeierO" 
ategina  Stricklandi,  Cidaria  Scilla,  and  JEchtnolampaa  poaterolatva, 
occur  sparingly;  but  they  have  not  been  found  in  any  of 
the  overlying  beds.  Towards  the  base  of  this  bed,  as  well  as  in 
phosphate  seam  iv  and  in  the  transition  bed  at  Kicasoli,  they  are 
very  abundant.  A  considerable  number  of  fish-remains  have  been 
obtained  from  this  horizon  in  the  quarries  at  Luca.  During  the 
governorship  of  Sir  William  Reid  many  of  them  were  figured ;  but 
the  illustrations  were  not  sufficiently  accurate  to  render  them  of 
much  scientific  value.  These  illustrations,  as  well' as  the  original 
fossils,  are  now  in  the  Valetta  Museum,  but  the  latter  are  in  a  very 
indifferent  condition.  Spratt  ^  has  recorded  the  occurrence  in  this 
bed  of  a  fossil  turtle ;  and  at  St.  Julians  and  Dingli  the  teeth  and 

^  I  am  indebted  to  Professor  Angelli,  of  Borne,  for  the  determination  of  the 
corals. 
*  Capellini,  G.,  **  Delia  Pietra  Jjeccese  e  di  Alcuni  suoi  Fossili,"  Bologna. 
'  Spratt,  T.,  "  On  the  Geology  of  Malta,"  Valetta,  1864. 
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vertebne  of  Stereodon  Melitensts,  a.  fish  baying  saaroid  dentitioii, 
were  found.^  Leith  Adams  obtained  ear-bones,  caadal  vertebrae, 
and  a  penultimate  molar  of  Halitherium^;  and  in  the  Yaletta 
Museum  are  several  large  v^rtebrse  of  Zeuglodon  that,  judging 
from  tbe  limestone  matrix  on  them,  were  also  obtained  from 
this  bed. 

Division  I:  the  fourth  nodtde  seam. — The  fourth  or  lowest  seam 
of  phospbatic  nodules  averages  three  feet  in  thickness,  and  ranges 
from  two  to  four  feet.  The  nodules  are  irregular  in  shape,  and 
generally  present  an  exceedingly  wrinkled  and  coriaceous 
appearance.  Nearly  all  of  them  contain  one  or  more  fossil 
organisms,  around  which  the  phosphate  of  Irme  has  segregated; 
and  in  many  cases  they  consist  almost  entirely  of  the  shells  of 
foraminifera.  Pbosphatieed  remains  of  molluscs,  corals,  and 
echinoderms,  the  teeth  and  vertebrae  of  sharks,  bones  of  whales, 
and  immense  quantities  of  casts  and  pseudomorphed  tests  of 
pteropods,  Vaginella  and  Hyalea^  enter  largely  into  the  composition 
of  the  seam.  Alluding  to  the  origin  of  these  nodules,  Dr.  John 
Murray  ^  points  out  that  they  are  precisely  similar  to  the  phosphatio 
nodules  that  were  dredged  from  modem  sea- beds  during  the  voyage 
of  the  ''  Challenger/'  and  he  is  of  opinion  that  these  nodules,  like 
their  modern  prototypes,  were  formed  in  sittL  at  the  bottom  of  the 
Oligocene  sea.  A  sample  of  rock  from  this  seam  was  sent  to 
Professor  J.  F.  Blake  for  analysis  and  reporL  The  following  was 
the  result : — 

Sulphate  of  lime 1'97 

Curl)onat«  of  lime            ...         ...         ...         ...  61*12 

]*hosphat«  of  lime            31*66 

Ahuuiua   ...         ...         ...         ...         ...         ...  10*55 

olllOSl  «■•  ...  ...  ...  ...  ...  o'oO 

Moisture   ...         ...         ...         ,••         ...         ...         *87 


10000 


Conclusion, — The  foregoing  details  afford  evidences  as  to  the 
nature  of  the  bathymetric  conditions  that  prevailed  when  these 
strata  were  deposited.  These  conditions  have  already  been  indicated 
by  Dr.  John  Murray*  and  Dr.  J.  W.  Gregory,*  and  I  shall  therefore 
now  confine  myself  to  a  brief  summary  of  the  conclusions  which  the 
details  in  this  paj)er  seem  to  corroborate. 

The  Globigerina  Limestones  of  the  Maltese  Islands  are  broadly 
divif<il)le  into  three  sections — 

I.  The  lowest  beds,  comprising  the  subdivision  I  and  tbe  lower 

*  Cooke,  J.  n.,  "Notes  on  Stereodon  Melitensia^  Owen**:  Geol.  Mao., 
Deo.  Ill,  Vol.  VIII,  December,  1891,  p.  546. 

2  Aduma,  A.  L.,  "  On  the  Discovery  of  the  Remains  of  Haldherium^^ :  Q.J.G.S., 
vol.  xxii,  p.  595. 

^  Murray,  Dr.  J.,  "The  Maltese  Islands,  with  special  reference  to  their 
Geological  Structure'*:    Scot.  Geog.  Mag.,  vol.  vi,  p.  449. 

•*    ]'u{f  ante. 

^  Gre^'ory,  J.  W.,  "The  Maltese  Echinoidea,  etc.":  Trans.  Roy.  Soc.  Edin., 
vol.  xxxvi,  p.  5S'5. 
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portion  of  JET,  have  a  compoBition  of  from  70  to  90  per  cent,  of 
calcium  carbonate,  and  are  made  up  for  the  most  part  of  shallow- 
water  organisms.  These  limestones,  together  with  the  underlying 
transition  bed  and  the  upper  portion  of  the  Lower  Coralline  Lime- 
stone, were  laid  down  on  a  sinking  sea-floor  and  in  about  300 
fathoms  of  water. 

IL  The  subdivisions  i>,  E,  F,  0,  and  the  upper  portion  of  iZ",  are 
composed  of  from  80  to  90  per  cent,  of  calcium  carbonate,  the 
greater  portion  of  which  consists  of  Globigerina  and  other  pelagic 
organisms.     These  were  probably  deposited  in  about  1000  fatboinH. 

IIL  The  subdivisions  -4,  B^  and  C  contain  from  60  to  70 
per  cent,  of  lime.  These,  together  with  the  overlying  **  Marls," 
are  considered  by  Dr.  John  Murray  to  have  been  laid  down  on 
a  rising  sea- floor  and  to  have  been  within  the  influence  of  river 
waters  and  their  detrital  products.  Tbey  were  probably  laid  down 
in  about  300  fathoms. 

The  following  is  a  list  of  the  fossils  of  the  formation,  about 
one-half  of  which  are  new  to  the  palaeontology  of  the  Maltese 
Miocene,  and  many  are  new  to  science. 

Paleontology, — The  figures  1,  2,  3  placed  after  the  names  of  the 
fossils  indicate  the  occurrence  of  the  fossils  in  the  three  sections 
referred  to  in  the  conclusion. 

Mammalia  : 

Camivora —  Sirenia ' —  Cet^tcea — 

Phoca   rugosidens,   Owen,   Pllalicore,  1,  3.  Zeuglodon,  3. 

1,2.  Ilulitherium,  1,  2, 8.  Delphinus,  I,  2,  3. 

P.  ScillflD,  Capellini,  1.         PManatus,  1,  2,  3.  Cetacea  (gen.  F),  1,  2,  3. 

Eeptilia — 

P  Ichthyosaurus  gaudensis,  Hulke,  3.  Crocodilus  gaudensis,  Hulke,  1,  3. 

Tomistoma  champsoides,  Lyd.,  1,  3.  Tryonx  MeUtensis,  Lyd.,  3. 

Pisces — 

St^reodon  MeUtensis,  Owen,  1,  2.  Sphaerodus,  3. 

Notidanus  primigenius,  L.  Ag.,  1,  2,  3.  Sphenodus,  3. 

Platax  Woodwardi,  L.  Ag.,   1.  ifemipristis  serra,  L.  Ag.,  1,  2,  3. 

Oxyrhina  xiphodon,  L.  Ag.,  1,  2,  3.  H.  paucidens,  P.  Gerv.,  2,  3. 

0.  bastilis,  L.  Ag.,  1,  2,  3.  Lamoida),  1,  2,  3. 

Carpharodon  megalodon,  L.  Ag.  ,1,2,3.  Diodon  Scillaj,  L.  Ag.,  2, 

Carcharias,  1,  2,  3.  -SItobates,  3. 

Holocentrum  Melitense,  A.  S.  Woodw.  Chn-8ophr}'8,  1,  2,  3. 

Odontaspis  Hopei,  L.  Ag.,  1,  2,  3.  Scytida*,  1,  2,  3. 

Mollusca:  (1)  Cephalopoda — Aturia  aturii,  Basterot,  3.     Nautilus,  sp.  ?  2,  3. 

(2)  Fteropoda— 

Vaginclla  depressa,  Daudin,  1,  2,  3.  Ilyalea  taurinensis,  Sism.,  1. 

Cavohna  Cookei,  Simonelli,  2.  H.,  sp.,  1,  2,  3. 

(3)  Gasteropoda — 

Conus  Melitensis,  De  Greg.,  2,  3.  Conns  Riwsigeri,  Haucs,  1,  2,  3. 

C.  Mercati,  Brocchi,  2,  3.  C.  betulinoides,  Lamarck,  1,  2,  3. 

C.  dnbius,  Gulia,  1,3.  C.  (casts  indet.),  3. 

C.  Melitosiculus,  De  Greg.,  3.  Dolichotoma  cataphracta,  Brocc.,  3. 

C.  Ruschi,  Michelotti,  1,  2,  3.  D.  ramosa,  Brocc,  3. 

*  Most  probably  all  the  Sirenian  remains  found  in  Malta  are  referable  to  the 
genus  Halitherium, — Edit.  Gbol.  Mao. 
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Cirsotrema  Swanni,  Adima,  8. 
C.  scaberrima,  Mich.,  2,  3. 
C.  Melitonsis,  Fuchs,  3. 
C.  Ducei,  Wright,  1,  3. 
C.  cniMieostatuiD,  Deshajes,  2. 

rar.,  3. 

C.  retuM,  2,  3. 

C.  pumiceum,  Brocc.,  2. 
C.  tauroraneosum.  Sacco,  2. 
Cirsotrcma  (sp.  indet),  3. 
Cypnea  amrgdalum.  Brocc.,  1 . 
C.  laba<!:iDa,  Lara.,  2,  3. 
Turritella  inequiculpta,  Seg.,  3. 
T.,  sp.,  2,  3. 

Xatica  pratea«u,  Raqa.,  2. 
N.  hortensifl,  Bayan,  1. 

(4)  Lamellihrtinekiata — 

Pecten  Melitensia,  De  Greg.,  3. 
P.  Co<»kei,  De-Greg.,  2,  3. 
P.  scabrellus  (Lam.),  Desh.,  3. 

rar.  arca^opsb,  De  Greg.,  3. 

rar.  gibboeulus,  De  Greg.,  3. 

rar.     pard  -  imbricatiiB,      De 

Greg.,  3. 

rar.    post-scabriasciiliis,     De 

Greg.,  3. 

P.,  sp.  (?),  De  Greg.,  8. 

P.    UaTeri,   Mich.,   vr.   Koheni, 

Fuchs,  3. 
P.  denudatus,  Reuas,  2,  3. 
P.  Pandora.  3. 
P.  ReuAsi,  Homes,  3. 
P.  varians,  3 
P.  dubiiLs,  Wood,  3. 
P.  spiuulusus,  2. 

Brachiopoda — 

Tcrehratula  caput -serpentis.  1,  2. 
T.  Corta*,  St-sruenza,  3. 

rar.  puniiiilobata,  De  Greg.,  3. 


OUTa  (casts),  1,  2,  3. 
Trochos  paUUofl,  Broee.,  1. 
T.  (cast*},  I,  2,  3. 
Voluta  ficularia,  Lun.,  2. 
Ca»idaria  faacUta,  Bonoa,  S. 
C.  echinophorm,  Lsm.,  3. 

rar ,  3. 

CasNA  XenmaTri,  Homes,  2. 
Patella  MeUtoiais,  De  Greg.,  3. 
Fissurella,  sp.,  3. 
Erato  Isfis,  Doa,  3. 
Acteoa  pinguis,  d*Oil>.,  3. 
Solarium  simpler,  Broigr.,  2,  3. 
Chenopus  pes-pelieani,  PhiL,  3. 
Acera  (casts},  I,  2,  3. 
Xenophora  inoertiaBima,  De  Crxeg.,  3. 


Pecten  cristatns,  2. 

P.  Koheni,  Facbs,  3. 

Ostrea  cochleare.  Poll,  3. 

0.  mntabilis,  Desh.,  3. 

O.  tenuiplicata,  Seg..  2. 

0.  terio(lenUta,  De  Greg.,  3. 

0.  perminota,  De  Greg.,  3. 

Lncina  sinnosa,  Don,  3. 

Cardita  tomameta.  Bast.,  3. 

Pholas  (casts),  I,  3. 

Noculana  peUocidiformia,  Homes,  S, 

X.  nitida,  Brocc.,  2. 

N.  fragilis,  Chemn.,  3. 

Xucola  Mayeri.  Homes,  3. 

Lima,  sp.,  2,  3. 

Area   oasts  .  1.  2,  3. 

Isocardia  ca^t*).  1,  2,  3. 

Astarte  v<^^t^,»  1*  3. 


Terebratula  minor.  1,2. 

T.  sinuosa.  3. 

Thecidium  Adamsi,  McDonald,  1. 


Bkyozoa — Idmonea,  3. 


Cristacba:  Decapoda — Cancer  macrocheilus,  Mantell,  3.    Cancer,  sp.,  1,  3. 


Cirri ptdia — 

Scalpt-llum  venu^tura,  De  Greg.,  1. 
S.  Mtliton-e,  De  Greg.,  1,  2,  3. 
S.   mairnum.    Darw.,  rar.  angustum, 
De  Grei:..  1. 

rar.  equisisrnatnra,  De  Greg.,  1. 

rar.  radiatum,  De  Greg.,  1. 

ECHIXOIDEA — 

Cidaris  8oilUi\  Wri-ht.  1. 
r.  avtnioiunsi-*.  Dfsnil..  3. 
Eohiuus  Hunirjiriou-?.  Laube. 
Echiuoi^-yamu:*  ^>tudt'ri,  Si«m.,  2,  3. 


Scalpt^llum     majzuum,     Darw.,     rar. 

ornatum.  De  Greg.,  1. 
S.,  s]).,  1. 
S.,  sp.,  1. 
Cirripede,  nov.  sp. 


Bremella  Vassalli,  Wright,  3. 
8tu«leria  Spratti.  Wright,  3. 
Echinolampas  Manztmi,  Greg.,  2,  3, 
£.  posterolatus,  Greg.,  1. 
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Hemiaster  Cotteani,  "Wright,  3. 
H.  SciUffi,  Wr.,  1,  2,  3. 
H.  vadosus,  Greg.,  1,  2,  3. 
Pericosmus  latos,  Agassiz,  2. 
P.  corangninum,  Greg.,  3. 
Schizaster  Parkinsoni,  Defr.,  1,  2,  3. 
S.  Desori,  Wr.,  2,  3. 
Metalia  Melitensis,  Greg.,  2. 


Briflsopifl  crescenticus,  "Wr.,  3. 
SpatangUB  pustulosis,  "Wr.,  3. 
Euspatangus  De  Konincki,  "Wr.,  3. 
Sarsella  Duncani,  Greg.,  2,  3. 
S.  anterolata,  Greg.,  2,  3. 
Pygorhynchus  Spratti,  Wr.,  2. 
Scutella  striatula,  Greg.,  1. 
Brissus  latus,  3. 


Crinoidba — Pentacrinus  Gastaldi,  Mich.,  1,  2. 


Alcyonaria  :  Oorgonida — 

Isis  Peloritana,  Seg.,  1,  3. 
I.  compressa,  Seg.,  3. 

ACTISOZOA — 

Ceratrochus  typns,  Seg.,  2,  3. 
Coenocyathus  Adamsi,  Duncan,  3. 
Stephanocyathus,  sp.,  1,  2,  3. 
Gary ophy ilia,  1,  3. 
Trochocyathus  latero-cristatus,  £dw. 

&  H.,  1,  2,  3. 
T.  pyramidatus,  Mich.,  1,  3. 


Isis  Melitensis,  Seg.,  S. 
var.  antiqua,  Seg.,  3. 


Trochocyathus  vericostatus,  Mich.,  1,3. 

T.,  sp.,  3. 

Flabellum  extensum,  Mich.,  1,  2,  3. 

F.  Melitensis,  De  Greg.,  1. 

F.  aTicula,  Mich.,  1,  2,  3. 

F.  intermedium,  Mich.,  1,  3. 

F.  fsecundum,  Mich.,  1,  3. 


Sponoida — Cliona  (perforating  shells  of  Lamellibranchs). 

FoRAMiNiFERA — In  addition  to  the  54  species  recorded  by  Dr.  John  Murray,  I  have 
collected — 


Nodosaria  soluta,  Reuss,  2,  3. 
N.  consobrina,  d'Orb.,  3. 
Textuloria  carinata,  d'Orb.,  3. 
Cnstellaria  cassis,  F.  &  M.,  3. 
C.  radiata.  Born.,  2,  3. 


Cristellaria  variabilis,  Reuss,  3. 
Marginulina  Boehmi,  Reuss,  1,  2. 
Frondicularia  intemipta,  Karrer,  3. 
Miliolina  a^glntinans,  d'Orb.,  3. 
Heterostegina  Stricklandi,  Adams,  1. 
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British  Association  fob  thb  Advancement  op  Science.  Sixty- 
sixth  Annual  Meeting,  held  at  Liverpool,  September  16-28,  1896. 

I. — List  of  Papers  bead  in  Section  (C),  Geology. 
J.  E.  Mark,  Esq.,  M.A.,  F.R.S.,  Sec.  Geol.  Soc.,  President. 

President's  Address  (see  October  Number,  p.  464). 

Frof,  W,  Boyd'Dawkins. — On  the  Geology  of  the  Isle  of  Man. 

H,  C,  Beaaley, — Observations  on  some  Footprints  from  the  Trias 
in  the  Neighbourhood  of  Liverpool. 

G,  H.  Morion — Kecent  Borings  in  the  Bed  Marl  near  Liverpool  (see 
p.  496). 

G.  H,  Morton — Erosion  of  the  Sea-coast  of  Wirral  (see  p.  516). 

T,  Mellard  Reade — Oscillations  in  the  Level  of  the  Land  as  shown 
by  the  Buried  Kiver- Valleys  and  Later  Deposits  in  the  Neigh- 
bourhood of  Liverpool  (see  p.  488). 

A,  Bell, — Tertiary  Deposits  in  North  Manxland. 
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E.  Greenly  ^^On  the  occurrence  of  SillimaDite  Gneisses  in  Centnl 
Anglesey  (see  p.  494). 

E,  Greenly — On  the  Quartzite  Lenticles  in  the  Schists  of  S.E. 
Anglesey. 

Sir  W.  Dawson,  —  Pre-Cambrian  Fossils — especially  in  Ganscia 
(see  p.  513). 

G,  F,  Matthew — Some  Features  of  the  early  Cambrian  Faunas. 

Keport  of  the  Committee  on  Zones  in  British  Carboniferous  Bocks. 

G.  H,  Morion. — The  Eange  of  Species  in  the  Carboniferous  Lime- 
stone of  North  Wales. 

J,  L,  Lohley — On  the  Source  of  Lava. 

J,  L.  Lohley, — On  the  Post-Cambrian  Shrinkage  of  the  Globe. 

P.  F,  Kendall, — Cause  of  the  Bathymetric  Limit  of  Pteropod  Ooze. 

P.  F,  Kendall, — On  the  Conditions  under  which  the  Upper  Chalk 
was  deposited. 

J.  Johnston- Lavis, — The  Highwood  Mountains  of  Montana  and  Mag- 
matic  Differentiation.     A  Criticism, 

G,  B,  Wethered.^The  Depths  of  the  Sea  in  Past  Epochs. 

Vaughan  Comiah. — Rippling  of  Sand  by  Water  and  Wind  (see  p.  621). 

Pro/,  J,  Waliher. — Are  there  Fossil  Deserts  ? 

W,  W.  Watts, — Notes  on  the  Geology  of  Charnwood  Forest  (see  p. 485). 

F.  T.  Howard  and  E.  W,  Small, — The  Geology  of  Skomer  Island. 
H,  B,  Woodward, — Notes  on  Sections  along  the  London  Extension  of 

the  Manchester,  Sheffield,  and  Lincoln  Railway  between  Rugby 

and  Aylesbury. 
Report  of  the  Committee  on  Stonesfield  Slate  (see  p.  517). 
Report  of  the  Committee  on  Coral-Keef  Structure. 
Report  of  the  Geological  Photographic  Committee. 
Report  of  the  Hoxne  Excavation  Committee. 
John  Smith. — On  the  Discovery  of  Marine  Shells  in  the  Drift  Series 

at  High  Levels  in  Ayrshire. 
Dr,  C,  Callaway. — Notes  on  the  Superficial  Deposits  of  North  Shrop- 
shire (see  p.  482). 
J,  Lomas  and  F.  F,  Kendall. — Glacial  Phenomena  of  Vale  of  Clwyd. 
P.  F.  Kendall. — Post-Pliocene  Changes  of  Physical  Geography. 
Report  of  the  Erratic  Blocks  Committee. 
Prof,   E,    Hull, — Another  Possible   Cause    of    the    Glacial    Epoch 

(see  p.  514). 
Report  of  the  Committee  on  the  High-level  Shell-bearing  Deposits 

at  Clava. 
Report  of  the  Singapore  Caves  Committee. 
Report  of  the  Calf-Hole  Cave  Committee. 

Report  of  the  Committee  on  the  High-level  Flint  Drift  at  Ightham. 
Report  of  the  Cetiosaurns  Committee. 
Report  of  the  Eurypterid  Committee. 
Report  of  the  Committee  on  the  Fossil  Phyllopoda. 
Report  of  the  Committee    on   Life-zones   in   Carboniferous  Rocks 

(see  p.  619). 
A,  C.  Seward — A  New  Cycad,  from  Portland  (see  p.  618). 
A,  C.  Seward — A  Large  Specimen  of  Lygtnodendron  (see  p.  618). 
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Beport  of  the  Committee  on  the  Registration  of  Type  Specimens. 
Montagu  Browne, — The  Khadtio  Bone-beds   of  Aust  Cliflf  and  the 

Kook-bed  above  it. 
Prof.  H.  G.  Seeley.^On   the   Skull   of  the   South  African   Foswil 

Reptile  Diademodon. 
Prof.  H.  Q,  Seeley, — Two  examples  of  Current  Bedding  in  Clay. 
Sir  Archibald  Qeihie, — On  some  Crush-Conglomerates  in  Anglesey 

(see  p.  481). 
Prof  J.  Milne, — Report  of  the  Seismological  Committee. 
A,  C,  Seward. — Note  on  some  Fossil  Plants  from  South  Africa  (see 

p.  519). 
Prof.    K,    Bust. — On   the   occurrence    of    Corundum    produced   by 

Cont€U3t-metamorphism  (see  p.  492). 
Report  of  the  Moreseat  Committee. 


Abstracts  of  Papers  read  at  the  British  Association  Meeting, 

Liverpool,  September,  1896. 

II. — Pre-Cambrian  Fossils,     By  Sir  W.  Dawson,  LL.D.,  F.R.S. 

f  pHE  author  stated  that  it  was  his  object  merely  to  introduce  the 
X  specimens  he  proposed  to  exhibit  by  a  few  reruarks  rendered 
necessary  by  the  present  confusion  in  the  classification  of  pre- 
Carabrian  rocks.  He  would  take  those  of  Canada  and  Newfound- 
land as  at  present  best  known,  and  locally  connected  with  the 
specimens  in  question. 

He  referred  first  to  the  "  Olenellus  Zone,"  and  its  equivalent  in 
New  Brunswick,  the  •*  Frotolenua  Fauna  "  of  Matthew,  as  at  present 
constituting  the  base  of  the  Cambrian,  and  terminating  downward 
in  barren  sandstone.  This  Lower  Cambrian  had  in  North  America, 
according  to  Walcott,  afforded  165  species,  including  all  the  leading 
types  of  the  marine  invertebrates. 

Below  the  Olenellus  Zone,  Matthew  had  found  in  New  Brunswick 
a  thick  series  of  red  and  greenish  slates,  with  conglomerate  at  the 
base.  It  has  afforded  no  Trilobites,  but  contains  a  few  fossils 
referable  with  some  doubt  to  Worms,  MoUiisks,  Ostracods, 
Brachiopods,  Cytideans,  and  Protozoa.  It  is  regarded  as  equivalent 
to  the  Signal  Hill  and  Random  Sound  Series  of  Murray  and  Howley 
in  Newfoundland,  and  to  the  Keweenian,  and  the  Chuar  and  Colorado 
Canon  Series  of  Walcott  in  the  west.  The  latter  contains  laminated 
forms  apparently  similar  to  Cryptozoon  of  the  Cambrian  and 
Archaeozoon  of  the  Upper  Laurentian. 

The  Etcheminian  rests  unconformably  on  the  Huronian,  a  system 
for  the  most  part  of  coarse  clastic  rocks  with  some  igneous  beds,  but 
including  slates,  iron-ores,  and  limestones,  which  contain  worm- 
burrows,  sponge-spicules,  and  laminated  forms  comparable  with 
Cryptozoon  and  Eozoon.  The  Huronian,  first  defined  by  Logan  and 
Murray  in  the  Georgian  Bay  of  Lake  Huron,  has  been  recognized 
in  many  localities,  both  in  the  west  and  east  of  Canada  and  the 
United  States ;  but  designated  by  other  local  names,  and  by  some 
writers   is   included,  with   the   Etcheminian    and   sometimes    with 
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part  of  the  Laurentian,  in  the  scaroely-defined  *'  Algonkian  **  group 
of  the  United  States  Geological  Survey. 

Below  the  Huronian  is  the  Upper  Laurentian  or  Grenville  system, 
consisting  of  gtieisses  and  schists  (some  of  which,  as  Adams  hu 
shown,  have  the  chemical  composition  of  Palaeozoic  slates),  along 
with  iron-ore,  graphite,  and  apatite,  and  great  bands  of  limestone, 
the  whole  evidently  representing  a  long  period  of  marine  deposition, 
in  an  ocean  whose  l>ed  was  broken  up  and  in  part  elevated  before 
the  production  of  the  littoral  elastics  of  the  Huronian  age.  It  is  in 
one  of  the  limestones  of  this  system  that,  along  with  other  possible 
fossils,  the  forms  known  as  Eozooh  Canadeiue  have  been  found. 
The  author  did  not  propose  to  describe  these  remains,  bat  merely  to 
exhibit  some  micropbotographs  and  slices  illustrating  their  structure, 
referring  to  previous  publications  for  details  as  to  their  characters 
and  mode  of  occurrence. 

Below  the  Grenvillian  is  the  great  thickness  of  ortboclase  gneira 
of  various  textures,  and  alternating  with  bands  of  hornblende  schist, 
constituting  the  Ottawa  gneiss  or  Lower  Laurentian  of  the 
Geological  Survey.  No  limestones  or  indications  of  fossil  remains 
have  yet  been  found  in  this  fundamental  gneiss,  which  may  be 
a  truly  primitive  rock  produced  by  aqueo-igneous  or  "crenitic" 
action,  before  the  commencement  of  regular  sedimentation. 

The  author  proposed,  with  Matthew,  to  regard  the  Etcheminian 
series  and  its  equivalents  as  pre-Cambrian,  but  still  Palaeozoic ;  and, 
as  suggested  by  himself  many  years  ago,  to  classify  the  Huronian 
and  Grenvillian  as  Eozoic,  leaving  the  term  Archaean  to  be  applie<l 
to  the  Lower  Laurentian  gneiss,  until  it  also  shall  have  afforded 
some  in«lication8  of  the  presence  of  life. 

He  insisted  on  the  duty  of  palaeontologists  to  give  more  attention 
to  the  pre-Cambrian  rocks,  in  the  hope  of  discovering  connecting 
links  with  the  Cambrian,  and  of  finding  the  oceanic  members  of  the 
Huronian,  and  less  metamorphosed  equivalents  of  the  Upper 
Laurentian,  and  so  of  reaching  backward  to  the  actual  beginning  of 
life  on  our  planet,  should  this  prove  to  be  attainable. 


HI. — Another    Possible    Causk    or    the   Glacial   Epoch.      By 
Professor  Edward  Hull,  LL.D.,  F.K.S.,  F.G.S. 

rPHE  autlior  gave  an  account  of  the  results  arrived  at  by  Professor 
X  J.  W.  Spencer,  Ph.D.,  in  his  memoir  on  "The  Reconstruction 
of  the  Antillaeau  Continent"  (Bull.  Geol.  Soc.  America,  January, 
1895),  from  observations  laid  down  on  the  Admiralty  charts  of  the 
east  coast  of  North  America  and  the  shores  of  the  West  Indian 
Islands  and  Gulf  of  Mexico.  He  shows  that  the  **  continental 
shelf*  lying  between  the  coast  and  the  100-fathom  line  is  succeeded 
by  a  second  and  deeper  plateau,  called  by  Professor  A.  Agaseiz 
*•  the  Bliike  plateau,"  the  avera^^e  depth  of  which  may  be  taken  at 
2.700  feet,  separated  from  the  cimtineiital  shelf  by  a  steep  descent, 
and  in  its  turn  bounded  by  a  second  steep  descent  leading  down  to 
the  abysmal  depths  of  the  Atlantic  Ocean  at  12,000  or  lo,OUO  leet 
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below  the  surface.  A  careful  investigation  of  the  soundings  shows 
that  these  plateaux  are  traversed  by  channels,  sometimes  of  great 
depth'  and  with  precipitous  sides,  leading  down  from  the  embouchures 
of  the  existing  rivers  which  open  out  on  the  coast,  and  connected 
with  the  outer  margins  of  the  plateaux  by  wide  embayments.  The 
form  of  these  channels  would  in  some  cases  entitle  them  to  be  called 
"canons"  or  "Qords";  and  as  Professor  Spencer  truly  considers 
that  such  channels  could  only  be  formed  by  river  erosion,  he. 
concludes  that  the  whole  eastern  coast  and  the  West  Indian  Isles 
were  elevated  to  the  extent  of  the  outer  embayments  where  they 
open  out  on  the  floor  of  the  ocean.  Such  an  elevation  of  12,000 
feet  or  so  would  have  connected  North  and  South  America  along 
the  line  of  the  Antilles,  constituting  a  single  continent,  and  are 
termed  "  stupendous  changes  of  level "  of  the  Pleistocene  epoch.* 

The  author  of  this  paper  proceeds  to  discuss  some  of  the  climatic 
conditions  which  would  result  from  such  changes,  and  supposes 
that  the  elevation  of  the  Antillaean  continent  would  have  shut  out 
the  northern  branch  of  the  great  equatorial  current,  known  as  the 
Gulf  Stream,  from  the  Caribbean  Sea  and  the  Gulf  of  Mexico, 
causing  it  to  enter  the  North  Atlantic  directly;  and  he  comes  to 
the  conclusion  that  the  Atlantic  current  would  have  crossed  the 
40th  parallel  with  a  surface  temperature  of  only  74°  F.  instead  of 
84°  F.,  as  is  the  case  at  the  present  day.  The  author  then  discusses 
the  question  to  what  extent  such  a  lowering  of  the  temperature  of 
the  present  Gulf  Stream  would  have  affected  the  climate  of  the 
regions  bordering  the  North  Atlantic,  and  considers  that  this  effect 
may  be  approximately  arrived  at  by  transferring  the  climatic 
conditions  of  the  isotherm  of  annual  mean  temperature  of  32°  F. 
(the  freezing-point  of  water)  to  those  of  the  42°  F.  of  the  present 
day,  resulting  in  suhglacial  conditions  along  the  line  of  this  isotherm.' 

Proceeding  next  to  examine  the  effects  of  the  elevation  of  the 
American  continent  to  the  extent  required  by  Professor  Spencer's 
conclusions,  the  author  considers  it  as  extremely  probable  that  the 
cold  produced  by  this  physical  change,  added  to  that  due  to  the 
lowering  of  the  temperature  of  the  Atlantic  current,  would  result  in 
bringing  about  the  conditions  of  the  Glacial  epoch  ;  and  as  similar 
elevation  of  land  has  been  determined  in  the  case  of  the  platform  of 
the  British  Isles  and  North- Western  Europe — though  to  a  much 
smaller  extent  than  in  the  case  of  the  American  continent — the 
increased  cold  due  to  this  cause,  added  to  that  due  to  the  diminished 
temperature  of  the  Atlantic  current,  would  have  been,  if  not  a  vera 
causa  of  the  Glacial  epoch  of  Europe,  a  most  material  cause  in 
bringing  about  the  climatic  conditions  of  that  epoch. 

1  For  those  who  are  unable  to  obtain  Profewor  Spencer's  original  memoir,  the 
review  thereof  by  Mr.  A.  J.  Jukes-Browne,  F.G.S.,  in  the  Gkulooical  Magazinb 
for  April,   1895  (p.  173),  will  probably  suffice. 

*  The  isotherm  of  42^  passes  by  the  north  coast  of  the  British  Isles. 
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IV. — Erosion  of  the  Sba-ooast  of  Wibbal.     By  G.  H,  Mobton, 

F.G.S. 

fllHE  oldest  maps  of  the  coast  of  Wirral,  the  Dorth- western 
1  extremity  of  Cheshire,  afiford  very  little  infoiinatioD  od  the 
exact  outline  of  the  coast  in  former  years.  It  waa  not  until 
the  publication  of  the  6-inch  map  of  the  Ordnance  Survey  in  1880, 
that  it  became  |>ossible  to  make  exact  observations  on  the  erosion 
of  the  coast.  The  late  Sir  James  Picton,  F.S.A.,  in  1846,  was  the 
first  to  direct  attention  to  the  waste  of  the  land,  but  he  had  not  made 
any  personal  investigation,  and  more  recent  writers  on  the  subject 
have  confined  themselves  to  showing  the  incorreotnem  of. some 
of  his  statements,  rather  than  making  original  observations.*  The 
object  of  this  paper  is  to  record  the  result  of  close  attention  given  to 
the  subject  for  many  years. 

Half  a  mile  south-west  of  the  Leasowe  Embankment,  and  about 
100  yards  from  Seabank  Cottages,  there  is  an  old  weather-beaten 
brick  and  stone  house,  known  as  the  "  Warren,'*  and  evidently  the 
oldest  in  the  neighbourhood.  According  to  the  6-inoh  Ordnance 
Map,  the  distance  between  the  house  and  the  sea  was  about 
130  yards  when  the  country  was  surveyed  in  1871,  but  I  found 
it  to  be  70  yards  in  1890,  B5  yards  in  March  1894,  and  only 
45  yards  in  May  1896,  and  the  residents  have  shown  me  the  position 
of  several  high  sand-hills  that  once  formed  part  of  the  lost  land. 

In  an  affidavit,  filed  in  a  recent  cane  concerning  the  extension 
of  the  Embankment,  George  Banks  states  that  he  had  been  born  and 
had  lived  in  the  house  ever  since.  It  was  only  60  yards  from  high- 
water  mark  at  spring  tides  in  1892,  "  whereas  when  he  fii*st 
remembered  it,  the  house  stood  at  least  350  yards  from  high-water 
mark  at  spring  tides,  and  the  land  washed  away  included  some 
sand-hills  30  and  40  feet,  and  one  50  or  60  feet  in  height" 

The  greatest  erosion  by  the  sea  along  the  coast  has  taken  place 
at  Dove  Point,  about  350  yards  to  the  south-west  of  the  house.  In 
1862  there  were  two  **  perches  "  constructed  of  timber,  one  being 
10  yards  from  the  edge  of  the  sand-hills,  whith  were  then  about 
12  feet  high,  and  the  other  150  yards  behind,  near  the  boundary 
of  the  enclosed  land.  The  seaward  perch  is  shown  in  the  frontis- 
piece of  the  **  Geology  around  Liverpool."  On  January  20,  18G3, 
this  perch  had  become  close  to  the  edge  of  the  cliff"  and  fell  down  on 
the  shore,  its  original  position  being  indicated  by  several  masses 
of  masonry  and  large  stones  which  had  formed  the  foundation  of  the 
structure.  The  perch  was  re-erected  on  the  sand-hills,  and  is  shown 
on  the  6-inch  map,  but  it  was  afterwards  removed,  with  the  one 
behind,  to  the  north-east  of  the  "  Warren,"  so  that  neither  of  them 
is  now  in  the  place  shown  on  the  map.  The  foundation  stones  still 
lie  on  the  shore  in  their  original  position.  In  consequence  of  the 
continual  erosion  by  the  sea  the  stones  have  gradually  become 
further  from  the  coast-line,  and  in  September,  1894,  the  distance  was 
144  yards,  showing  the  erosion  of  the  coast  from  1863  to  1894 
to  have  been  between  4  and  5  yards  per  annum.     In  May,  1896,  the 
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disfanoe  had  been  increased  to  152  yards,  proving  an  erosion  of 
8  yards  in  20  months,  but  as  they  included  two  winters  the  loss 
would  be  aboufc  4  yards  per  annum. 

South  of  Dove  Point  the  erosion  gradually  decreases,  but  50  yards 
of  the  sand-hills  have  been  washed  away  on  the  north-east  of 
Sandhey,  though  not  in  recent  years,  as  there  is  now  a  fringe  of 
grass  growing  in  the  denuded  bay  for  about  100  yards,  when  it 
gradually  dies  away.  The  grounds  along  the  sea- front  at  Sandhey 
are  protected  by  an  embankment  and  groins,  which  arrest  the 
encroachment  of  the  sea.  Beyond,  in  front  of  Hoylake,  there  is  no 
erosion,  and  the  Bed  Stones  at  Hilbre  Point  protect  the  land  from 
the  sea. 


V. — Stonbspield  Slate. — Third  and  Final  Beport  of  the  Committee, 
consisting  of  H.  B.  Woodward  (Chairman),  E.  A.  Walford, 
F.G.S.  (Secretary),  Professor  A.  H.  Green,  Dr.  H. 
Woodward,  and  J.  Windoes,  appointed  to  open  further 
sections  in  the  neighbourhood  of  Stonesfield  in  order  to  show 
the  relationship  of  the  Stonesfield  Slate  to  the  underlying  and 
overlying  strata.  (Drawn  up  by  Edwin  A.  Walford,  F.G.S., 
Secretary.) 

I'^HE  succession  from  the  Great  Oolite  through  the  Stonesfield 
.     Slate  into  the  Inferior  Oolite,  as  shown  in  the  sections  made  by 
your  Committee,  may  be  thus  summarized  : — 

Ft.   in. 

i  Limestone  with  corals       
Limestone  and  marls  with  Oatrea  (oyster  beds)...     17     3 
Slate  beds  (Stonesfield  Slate)        5    3 

I  Fawn-coloured  limestone  with  lignite   and   car- 
Fullonian  |         bonaceous  markings  (Chipping  Norton  Lime- 

I         stone) about  18     0 

/  Sandy  limestones  with  some  marl  beds ;   lower 
Inferior  Oolite  t         limestone     with     vertical      plant-markings 

Series         j  (Lower  Estnarine  Series)      11     0 

\  Clypeua-grit :   zone  of  Ammonites  Farkinsoni    ...     13     0 
(About  12  feet  of  Interior  Oolite  strata  can  be  made  out  below.) 

The  faulted  state  of  the  bank  prevents  exact  measurement  of  the 
series  now  assumed  to  be  Fullonian.  These  beds  had  previously 
been  classed  with  the  Inferior  Oolite.  Notwithstanding  the  great 
care  taken  in  making  a  practically  vertical  section,  a  series  of  Great 
Oolite  beds  was  found  at  a  much  lower  level  than  the  Slate.  Tlie 
error  was  indicated  in  the  Second  Report,  and  the  greater  part  of 
beds  Nos.  18  to  26  has  to  be  excised  from  the  list. 

The  additions  to  our  knowledge  consist  mainly  in  the  discovery  of 
the  strata  with  vertical  plant-markings  (evidently  the  equivalent  of 
the  Lower  Estuarine  Series  of  the  Northamptonshire  Inferior 
Oolite),  and  in  the  particulars  given  of  the  thickness  of  the  higher 
beds  of  the  Inferior  Oolite  and  the  Fullonian  strata.  Fawler,  two 
miles  distant,  has  been  supposed  to  mark  the  virtual  disappearance 
of  the  Inferior  Oolite.  Sir  Joseph  Prestwich,  however,  had  grouped 
with  the  Inferior  Oolite  certain  beds  (14:  feet  6  inches  thick;  which 
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had  been  proved  in  the  boring  at  Wytham,  near  Oxford;*  and 
Mr.  H.  B.  Woodward  has  classed  with  the  Inferior  Oolite  Series 
30  feet  of  strata  proved  in  a  boring  at  Witney.'  These  cx>rreIationR 
were  inferential,  but  the  facts  now  brought  forward  give  them 
support. 

VI. — A  Nkw  Cycad  fbom  the  Isle  of  Pobtlahd.  By  A.  C.  Siwabd, 

M.A.,  F.G.S. 

DR.  WOODWARD  lately  obtained  an  exceedingly  fine  specimen 
of  a  cycadean  stem  from  the  Purbeck  Beds  of  Portland,  which 
is  now  in  the  fossil  plant  gallery  of  the  British  Museum.  The  stem, 
which  is  probably  the  largest  known,  has  a  height  of  1  m.  18-5  cm., 
and  measures  1  m.  7gm.  in  girth  at  the  broadest  part.  A  striking 
feature  of  the  specimen  is  the  conical  apical  bud  enclosed  by  tapered 
bud-scales,  bearing  numerous  ramental  outgrowths  on  the  exposed 
surface.  The  surface  of  the  stem  presents  the  appearance  of  a 
prominent  reticulum  of  projecting  ridges,  of  which  the  meshes  were 
originally  occupied  by  the  persistent  petiole  bases.  The  substance 
of  the  leaf-stalks  has  for  the  most  part  disappeared,  while  the  inter- 
petiolar  ramental  tissue  has  been  mineralized  and  so  preserved  as 
a  projecting  framework.  In  structure  the  ramenta  are  practically 
i<lentical  with  those  of  Bennettites,  as  described  by  Carruthers  and 
other  writers.  The  petiole  bases  also  agree  very  closely  with 
those  of  Bennettites,  consisting  of  a  mass  of  parenchymatous  tissue 
traversed  by  numerous  vascular  bundles  and  secretory  canals,  with 
a  distinct  band  of  cork  at  the  periphery.  No  trace  of  any 
inflorescence  has  been  found.  It  is  proposed  to  name  the  plant 
Cycadeoidea  gigantea. 


VII. — Note  on  a  Lakgk  Spkcimen  of  LYOisoDENDRoy.     By  A.  C. 

Seward,  M.A.,  F.G.S. 

THE  ppeeimens  on  which  this  description  is  based  are  in  the 
Botanical  Department  of  the  British  Museum  and  in  the 
recently  acquired  Williamson  Collection.  The  block,  from  which 
several  sections  have  been  prepared,  is  a  striking  example  of  the 
preservation  of  the  minute  structure  of  a  Coal-measure  plant  on 
a  lar^^e  scale  ;  it  consists  of  a  mass  of  wood  at  least  6  cm.  thick  in 
a  radial  direction,  and  a  pith  about  3  cm.  in  diameter,  but  without 
any  trace  of  cortical  tissue.  Sections  obtained  from  this  block,  and 
inchuled  in  the  Williamson  Collection,  were  described  at  some 
length  in  the  recently  published  memoir  by  Williamson  and  Scott 
on  Lyginodendron  and  Eeterangium.  The  examination  of  additional 
specimens  has  led  to  a  somewhat  fuller  diagnosis  of  the  structure 
and  a  more  detailed  comparison  with  Lyginodendron  Oldhamiuni  and 
other  plants.  The  niain  mass  of  the  wood  possesses  a  structure 
practically  i<lentical  with  that  of  Lyginodendron  Oldhamium  and 
recent    cycadean    stems  ;    internal    to    the    centrifugally    developed 

*  Geol.  Mag.  1876,  p.  238. 

^  "  Jurassic  Kocks  of  Britain,'*  toI.  t,  1895,  p.  42. 
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secondary  wood  there  is  a  fairly  complete  and  narrow  ring  of 
oentripetally  developed  xyleiu.  In  the  pith  there  are  numerous 
secretory  canals  and  nests  of  dark-coloured  sclerous  cells.  No 
definite  traces  of  primary  xylem  like  that  of  Lyginodendron 
Oldhamium  have  been  detected.  As  a  matter  of  convenience  the 
specimen  may  be  designated  Lyginodendron  rohustum. 


VIII. — NoTK  ON  SOME  FossiL  Plants  PROM  SouTH  Afbioa.      By 

A.  C.  Seward,  M.A.,  F.G.S. 

rilHE  author  has  recently  had  an  opportunity,  through  the  kindness 
A  of  Mr.  David  Draper,  F.G.S.,  of  examining  a  collection  of 
fossil  plants  from  a  locality  a  short  distance  south  of  Johannesburg. 
The  collection  forwarded  to  England  by  Mr.  Draper  includes 
examples  of  OlossopteriB,  Veriehraria,  and  other  genera,  associated 
with  specimens  of  Lepidophloios^  The  occurrence  of  Lepidodendrons 
in  strata  containing  typical  members  of  the  QloBSopteris  flora  is 
extremely  important  from  the  point  of  view  of  the  geological  and 
geographical  distribution  of  fossil  plants,  and  specially  interesting 
in  connection  with  a  similar  association  lately  recorded  by  Professor 
Zeiller  in  Brazilian  plant-bearing  beds.  In  South  Africa,  as  in 
South  America,  we  have  evidence  of  the  existence  of  a  plant  genus 
characteristic  of  the  Upper  Palaeozoic  flora  of  the  northern 
hemisphere,  in  the  same  region  with  the  Permo-Carboniferous 
QloBsopieris  flora. 


IX. — Life-zones  in  the  British  Carboniferous  Rooks. — Report 
of  the  Committee,  consisting  of  J.  E.  Marr,  F.R.S.  (Chairman), 
E.  J.  Garwood,  F.G.S.  (Secretary),  and  A.  H.  Foord,  F.G.S., 
appointed  to  study  the  Life-zones  in  the  Biitish  Carboniferous 
Rocks.     (Drawn  up  by  J.  E.  Marr.) 

IN  a  paper  read  before  the  British  Association  at  Ipswich  in  1895, 
two  of  us  called  attention  to  the  work  of  Dr.  W«iagen  on  the 
Upper  Palseozoio  rocks  of  the  Salt  Range,  and  gave  reasons  for 
supposing  that  the  Carboniferous  rocks  of  Britain  might  be  divided 
into  zones.*  In  that  paper  it  was  suggested  **  that  a  committee  be 
appointed  to  inquire  into  the  possibility  of  dividing  the  Carboniferous 
rocks  into  zones,  to  call  the  attention  of  local  observers  to  the 
desirability  of  collecting  fossils  with  this  view,  and,  if  possible,  to 
retain  the  services  of  eminent  specialists  to  whom  these  fossils  may 
be  submitted."  This  committee  was  appointed,  and  the  members 
thereof  beg  leave  to  submit  their  report. 

The  Committee  believes  that  the  following  districts  would  furnish 
good  results,  and  recommends  that  those  whose  names  are  appendt'd 
to  the  various  districts  be  asked  to  take  charge  of  their  particulKr 
districts  and  to  endeavour  to  carry  out  therein  the  objects  of  the 
Committee— 

»  See  Rep.  Brit.  Assoc.  1896,  p.  696. 
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England  and  Wales  :  Northumberland  and  the  Border,  ProfesBor 
G.  A.  Lebour ;  Northern  part  of  Pennine  Chain  and  adjoining 
regions,  Messrs.  Garwood  and  Marr;  Southern  part  of  ditto  and 
adjoining  regions,  Mr.  P.  F.  Kendall  and  Dr.  Wheelton  Hind; 
North  Wales,  Mr.  G.  H.  Morton;  South  Wales,  Mr.  A.  Strahan; 
Devon,  etc.,  Mr.  Howard  Fox  and  Dr.  G.  J.  Hinde. 

Isle  of  Man  :  Mr.  G.  W.  Lamplugh. 

Scotland  :  Mr.  B.  N.  Peach. 

Ireland:  Mr.  A.  H.  Foord. 

The  Committee  recommends  that  the  following  directions  for 
working  be  communicated  to  the  various  workers  : — 

1.  When  possible,  a  typical  measured  section  should  be  given  of 
each  locality  examined,  with  notes  of  as  many  confirmatory  sections 
as  possible. 

2.  Any  specimen  not  actually  found  in  sitH  to  be  labelled  to  that 
effect,  with  the  exact  conditions  under  which  it  was  found  noted. 

3.  All  specimens  should  be  labelled  with  the  local  name  of  the 
bed,  giving  as  many  additional  details  as  possible,  and  in  all  cases 
the  exact  locality,  which  should  further  be  noted  on  a  large 
scale- map. 

4.  All  specimens  should  be  labelled  when  found, 

5.  So  far  as  possible,  workers  are  recommended  to  collect  from 
one  bed  at  a  time,  and  to  pack  the  specimens  from  each  bed  in 
a  separate  parcel  before  commencing  to  collect  from  another  bed. 

6.  Attention  should  be  paid  to  apparently  identical  forms 
separated  by  many  feet  or  yards  of  deposit,  as  the  forms  may  he 
mutations;  large  suites  of  such  specimens  should  be  collected; 
indeed — 

7.  As  large  a  number  of  specimens  as  possible  should  be  obtained 
of  each  species  in  every  bed  examined. 

8.  Absence  of  fossils  in  any  bed  should  be  noted  whenever 
possible. 

9.  Attempts  should  be  made  to  record  the  relative  abundance  of 
fossils,  which  may  he  roughly  done  by  recording  those  which  are 
very  rare  (v.  r.),  rare  (r.),  common  (c),  and  very  common   (r.  f.). 

10.  In  case  of  beds  being  obviously  rich  in  micro-organisms,  large 
pieces  should  be  collected  for  future  examination. 

11.  Considering  the  importance  which  cherts  have  assumed,  it  is 
very  desirable  to  collect  specimens  of  cherts. 

Specimens  may  be  kept  by  the  discoverers  or  forwarded  to  the 
Secretary  of  the  Committee  (E.  J.  Garwood,  Dry  den  Chambers, 
119,  Oxford  Street,  London,  W.),  on  loan  or  for  retention. 

The  Committee  recommends  that  the  names  of  those  whom  they 
have  mei)tioned  as  likely  to  undertake  the  charge  of  districts  be 
added  to  the  Committee,  and  that  the  following  palaeontologists  be 
asked  to  co-operate  with  the  other  members,  and  to  identify  such 
fossils  as  may  be  subnutted  to  them,  their  names  being  also  added 
(when  not  previously  mrntioned)  to  those  of  the  Committee: 
Dr.  G.  J.  Uinde  (radiolaria  and  sponges),  Professor  H.  A.  Nicholson 
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(corals),  Mr.  J.  W.  Kirkby  (entomostraca),  Dr.  H.  Woodward 
(other  Crustacea),  Mr.  F.  A.  Bather  (echinoderras  and  brachiopods), 
Dr.  Wheelton  Hind  and  Mr.  E.  J.  Garwood  (lamellibranchs  and 
gasteropods),  Messrs.  G.  C.  Crick  and  A.  H.  Foord  (cephalopods), 
and  Mr.  R.  Eidston  (plants). 

The  Committee  recommends  that  a  grant  bo  applied  for,  in  order 
to  pay  for  the  services  of  collectors,  who  are  to  be  under  the 
direction  of  the  Secretary  of  the  Committee. 

X. — The   Bippling    op   Sand    by   Water    and    by  Wind.      By 

Vaughan  Cornish. 

REGULAR  ripple-mark  is  produced  in  various  ways  in  rolling 
sand.     The  billows  formed  by  deposition  of  flying  or  floating . 
sand  are  considered  in  another  paper  (Section  E — Geography).    The 
author  distinguishes  three  principal  kinds  of  rippled  sand,  viz. : 

1.  The  Ripple-mark  of  Sea. 

2.  The  Ripple-mark  of  Streams. 

3.  The  Ripple-mark  of  Dunes. 

In  (1)  symmetrical,  knife-edged  ridges  are  built  up,  owing,  as 
is  well  known,  to  the  complete  reversal  of  the  current  at  short 
intervals,  which  results  in  an  efifective  co-operation  of  the  direct 
current  with  the  vortex  formed  in  the  lee  of  projections  on  the 
rough  surface  of  the  sand.  This  meclianism  in  the  vertical  plans 
raises  the  ridges,  and,  in  plan,  extends  them  laterally,  so  that  the 
mottled  surface  of  the  initial  stage  is  changed  into  long  lines  of 
parallel  ridge  and  furrow. 

If  the  direction  of  the  waves  changes,  another  set  of  ridges  is 
formed,  and  this  produces  polygonal  figures.  These  have  an  even 
number  of  sides,  and  the  sides  are  arranged  in  opposing  pairs. 
This  serves  to  discriminate  polygonal  forms  due  to  fossil  ripple- 
mark  from  Hitchcock's  supposed  fossil  tad  pole- nests. 

2.  The  symmetrical,  rounded,  ripple-mark  of  the  sandy  bottom 
of  a  stream  is  formed  by  the  alternate  acceleration  and  retardation 
of  current  which  occurs  wherever  the  surface  of  the  water  is 
corrugated  by  a  train  of  standing  waves.  This  form  has  been 
called  Ripple  Drift.  The  ridges  only  travel  when  the  whole  train 
of  water-waves  travels ;  when  the  train  of  waves  arises  from  a  fixed 
obstacle  the  sand  ridges  are  stationary. 

3.  The  ripple-mark  of  dunes  is  produced  when  sand-grains 
roll  before  the  wind.  These  ripples  are  not  symmetrical,  but  they 
preserve  their  secti(mal  shape  during  their  growth,  the  height  and 
length  increasing  in  the  same  proportion.  They  grow  laterally  in  the 
same  way  as  (1).  They  are  produced  by  the  steadiest  natural  wind, 
and  even  by  a  steady  artificial  blast,  the  resistance  offered  by  the 
sand-grains  being  sufficient  to  produce  in  yielding  air  a  periodic 
motion  such  as  must  be  independently  produced  in  water  for  the 
formation  of  the  ripple-mark  of  sea  or  stream. 

Flying-sand  falling  upon  the  surface  of  a  sand-dune  blurs  the 
pattern  of  the  ripples,  but  if  the  shower  be  not  too  thick  the  grains 
aie  soon  sorted  into  position  as  they  roll. 
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I. — Rkmtktsckkois  or  a  Yorkshibv  Naturalist.  Bj  the  late 
WiLUAM  Crawford  Williamson,  LL.D.,  F.R.S.,  Profeaaor  of 
Botany  in  Owens  College,  Manchester.  Edited  hy  his  Wife. 
8vo,  pp.  xii  and  228.     (London :  G^rge  Bedway,  1896.) 

THIS  little  Tolume  contains  a  record  of  the  principal  eyents  in 
the  life  of  the  aothor,  written  hy  himself,  and  tenderly  edited 
hy  Mrs.  Williamson  after  his  death. 

It  falls  to  the  lot  of  hut  few  amongst  us  to  have  the  events  of  our 
lives  set  down  in  a  hook,  and  it  may  very  well  he  douhted  if  sodi 
records,  save  in  a  few  exceptional  instances,  are  worth  the  expenditure 
of  ink  and  paper.  Professor  Williamson  may  he  looked  upon  as  one 
of  these  exceptional  instances ;  indeed,  it  would  he  extraordinary  i( 
having  attained  his  79th  year  in  the  present  century,  and  witnessed 
some  of  the  greatest  changes  hrought  ahout  hy  8cienti6c  discovery 
and  invention,  he  should  have  failed  to  record  many  matters  of  vital 
interest  to  the  fin  du  siide  world  of  which  he  saw  the  earlier  days. 

Born  of  humhle  parents,  and  hy  nature  a  delicate  hoy,  young 
Williamson's  early  schooldays  were  interrupted  hy  long  enforced 
holidays  spent  delightfully  upon  a  farm  in  Yorkshire.  At  other 
times  he  went  hirds'-uesting  or  collecting  insects,  or  he  watched 
an  uncle  who  executed  work  with  a  lapidary's  wheel,  cutting  agates 
and  other  stones  ohtained  along  the  coast.  Later  on  he  assisted  his 
father  in  his  duties  as  Curator  of  the  Scarborough  Museum,  and 
made  the  acquaintance  of  that  grand  old  man  William  Smith,  the 
**  father  of  English  Geology,"  and  also  of  his  nephew,  Professor 
Phillips,  whose  "Geology  of  the  Yorkshire  Coast"  was  young 
Williamson's  first  introduction  to  a  scientific  work  on  the  geology 
of  the  country  around  his  boyhood's  home.  At  the  age  of  fifteen 
Williamson  was  sent  to  school  at  Bourbourg,  in  France;  to 
acooraj>Iish  which  he  incurred  many  trials,  and  his  parents  con- 
siderable additional  expense :  when  he  left  he  had  learned  little 
more  of  colloquial  French  than  he  had  brought  with  him,  and 
gained  no  compensating  advantages.  Returning  to  London  in  1832, 
his  father  directed  him  to  call  upon  Sir  Roderick  Murchison,  by 
whom  he  was  well  received,  and  breakfasted  with  that  great  man 
and  Lady  Murchison,  who  was  most  kind  to  the  country  lad. 

After  ** doing  the  sights  of  London"  he  returned  home,  and  was 
forthwith  apprenticed  to  a  general  practitioner  in  Scarborough,  and 
became  in  process  of  time  what  is  nowadays  termed  in  joke  a 
"  pill-box."  He  only  remained  with  Mr.  Weddell,  of  Scarborough, 
three  years,  when,  in  September,  1835,  he  was  permitted  to  resign 
his  articles,  and  was  appointed  Curator  to  the  Museum  of  the 
Manchester  Natural  History  Society,  a  post  which  he  held  until 
he  was  twenty- two  years  of  age. 

In  1838  young  Williamson  earnestly  desired  to  qualify  himself 
as  a  medical  man;  but  for  this  purpose  his  medical  studies,  so  long 
neglected  for  Natural  History  work,  must  bo  taken  up  iu  earnebt. 


Eecicica — Prof.  Wtlliapnson,  the  Yorkshire  Naturalist.     523 

The  question  was,  bow  oouM  the  necessary  funds  be  raised.  He 
had  prepared  a  series  of  six  lectures  on  Geology  with  appropriate 
diagrams  and  specimens;  with  these  he  visited  the  chief  towns  of 
Lancashire  and  Yorkshire,  and  thus  earned  sufficient  to  cover  his 
fees  at  the  medical  school  in  Manchester,  and  to  pay  for  his  board 
and  pocket-money.  In  September,  1840,  he  set  out  for  London, 
and  entered  as  a  student  at  University  College.  In  1841, 
his  examination  passed,  we  find  young  Williamson  a  full-fledged 
practitioner,  with  a  brass-plate  on  the  door  of  his  house,  at  the  corner 
of  Wilton  Street  and  Oxford  Koad,  Manchester. 

It  was  a  hard,  uphill  climb  for  the  young  surgeon  ;  indeed,  at  first 
it  seemed  to  be  a  case  of  *'faciU8  descensus  AvenU '' ;  an  old  medical 
friend  remarking  sagely  to  the  young  one :  "  You  will  have  for 
some  time  to  go  much  oftener  down  steps  than  up  steps.  Never 
mind  I  win  the  good  opinion  of  washerwon>eu  and  such  like,  and 
in  time  you  will  hear  of  their  recommendations  of  you  to  the 
wealthier  families  by  whom  they  are  employed."  **I  followed  his 
advice,"  says  Williamson,  "and  found  it  succeeded  as  predicted." 

But  one  may  well  ask,  where  does  the  title  of  a  "Yorkshire 
Naturalist"  come  in?  To  understand  this,  it  is  necessary  to  read 
the  book.  The  fact  is,  he  had  only  been  apprenticed  to  Mr.  Weddell 
in  Scarborough  two  years  when  he  began  to.  publish  his  observations 
as  a  naturalist  in  the  "  Magazine  of  Natural  History,"  the  first  paper 
being  **  On  a  Rare  British  Species  of  Mytilus,''  and  the  second  "  On 
the  Distribution  of  Organic  Remains  in  the  Lias  Series  of 
Yorkshire,"  etc.  (Proc.  Geol.  Soc,  vol.  ii,  1833-8).  Then,  a 
"  Description  of  a  Tumulus  opened  at  Gristhorpe,"  1834,  followed 
by  "  Illustrations  and  Descriptions  for  the  FosmII  Flora  of  Great 
Britain,"  by  Lindley  and  Button,  1835,  whom  he  assisted 
with  notes  and  drawings.  Also  on  the  **  Distribivtion  of  Organic 
Remains  in  the  Oolite  of  Yorkshire,"  1830.  These  papers,  com- 
menced at  the  age  of  18,  and  continued  with  greater  knowledge 
in  later  years,  only  ended  in  1895,  the  year  of  his  death,  when 
they  numbered  145,  including  nineteen  important  memoirs  on  the 
structure  of  fossil  plants  read  before  the  Royal  Society  of  London 
and  published  in  the  Philosophical  Transactions,  1870-93.  The 
fact  of  his  having  held  the  Chair  of  Professor  of  Botany  in  the 
Owens  College,  Manchester,  for  forty-one  years,  speaks  volumes  for 
his  indomitable  energy  and  ability;  and  when  one  considers  that 
he  carried  on  an  extensive  private  medical  practice  in  Manchester 
at  the  same  time,  one  is  the  more  impressed  by  his  power  of  work. 
That  he  should  have  found  time  in  the  midst  of  all  his  other 
labours  to  cut,  grind  down,  mount,  and  prepare  a  large  proportion 
of  the  sections  of  fossil  plants  from  the  Coal-measures  which  he 
described  in  his  numerous  papers,  seems  almost  incredible;  but  his 
whole  life  was  occupied  with  his  pursuits,  and  he  had  no  idle  time, 
and  certainly  during  his  long  life  he  never  wasted  any. 

Besides  the  narrative  of  actual  work  performed  by  Professor 
Williamson — which,  as  a  public  lecturer  alone,  would  have  satisfied 
the  craving  for  occupation  of  any  ordinary  strong  man  I — we  have 
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the  sketch  of  his  work  in  Owens  College  from  1851  to  1892;  bis 
pursuit  of  medicine  as  a  practitioner  in  Manchester;  his  fosnl 
hotanical  studies,  resulting  in  the  fine  series  of  monographs  on  the 
microscopic  structure  of  the  plants  of  the  Carboniferous  period; 
the  outcome  of  the  examination  of  the  hundreds  of  slides  prepared 
with  his  own  hands;  his  microscopic  investigation  of  the  boneSi 
teeth,  and  scales  of  fishes ;  and  on  Foraminifera  and  other  lowly 
organisms:  these  are  only  a  small  part  of  the  records  of  hie 
busy  life.  That  he  should  have  been  elected  to  the  Royal  Society 
in  1854,  been  a  Royal  Medallist  in  1874,  an  LL.D.  and  an 
honorary  member  of  many  learned  societies,  seems  but  fitting  and 
just  Of  his  social  and  family  records  much  is  told  in  this 
volume,  and  we  learn  of  all  those  with  whom  Williamson 
became  acquainted  in  his  long  life.  Some  of  these  notee 
are  of  much  interest,  but  others  are  only  valuable  to  those  of 
his  own  immediate  household.  His  name  will  survive  for  loug  in 
scientific  circles  as  a  paieeobotanist,  and  his  Scarborough  and 
Manchester  friends  will  no  doubt  keep  his  memory  green.  Beneath 
the  surface  of  this  long  and  busy  life,  we  may  read  this  lesson— • 
that  success  can  only  he  attained  by  patient  study,  diligence,  and 
self-denial;  these  Williamson  practised,  and,  combined  with  an 
ardent  love  of  natural  history,  made  the  curious  and  inquiring 
child  the  father  of  the  earnest  man  of  science  and  the  Yorkshire 
Naturalist. 

II. — Db.  O.  Agamennone  on  Earthquakes  in  the  South-East 

OF  Europe. 

(1)  Liste  des  tremblements  de  terre  qui  ont  eu  lieu  dans  TEmpire 
Ottoman  pendant  Taniiee  1894. 

(2)  Bulletin  meteorologique  et  s^ismique  de  TObservatoire  Im- 
periale  de  Constantinople.     Partie  Seismique.     I  Annee  (1895). 

(3)  L'activite  sismique  en  Orient,  et  eu  particulier  dans  TEmpire 
Ottoman  pendant  Tamiee  1895. 

(4)  Tremblement  de  terre  de  Pararaythia  (Epire)  de  la  nuit 
du  13-14  mai  1695.     (Boll.  Soc.  Sisraol.  Ital.,  i,  1895,  pp.  121-130.) 

(5)  Vitesse  de  propagation  du  tremblement  de  terre  de  Para- 
mythia  (Epire)  dans  la  nuit  du  13-14  mai  1895.  (Boll.  Soc.  Bismol. 
Ital.,  ii,  1896,  pp.  3-14.) 

The  organization  of  earthquake-studies  in  the  Balkan  peninsula 
has  advanced  remarkably  during  the  last  few  years.  The  numl)er 
of  self-recording  instruments  erected  is  still  small,  but  as  in  each 
country  the  Meteorological  Office  undertook  the  seismological  work, 
the  existing  network  of  stations  was  immediately  available.  In 
Servia  and,  strange  to  say,  in  Austria-Hungary,  no  regular  provision 
seems  to  be  made  for  the  collection  of  earthquake  observations; 
but  Dr.  Hepites  in  Koumania,  M.  Watzoff  in  Bulgaria,  and  Dr. 
Papavasiliou  iu  Greece,  are  doing  very  valuable  work  in  this 
direction. 

Ill  Turke3\  the  foundation  of  the  geodynamic  section  of  the 
meteorological    observatory    was    duo    to    the    iuterest    excited    by 
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the  Constantinople  earthquakes  of  July,  1894.  The  aathorities 
were  fortunat-e  enough  to  secure  the  sernces  as  Director  of  Dr.  G. 
Agamennone,  whose  excellent  work  as  assistant  in  the  Meteoro- 
logical and  Geodynamic  OfiBce  of  Rome  is  widely  known  among 
seismologists.  The  success  achieved  hy  him  in  one  year  proves 
that  something  good  can  even  yet  come  out  of  the  Ottoman  Empire. 

The  first  of  the  ahove- mentioned  papers  is  a  catalogue  of  forty- 
nine  shocks  felt  in  Turkey  alone  in  1894.  This  includes  the 
Constantinople  earthquake  and  many  of  its  after-shocks.  In  the 
following  year.  Dr.  Agamennone  commenced  the  publication  of 
monthly  Bulletins,  and  at  the  same  time  widened  the  area  of  inves- 
tigation so  as  to  embrace  all  the  countries  bordering  the  eastern 
end  of  the  Mediterranean.  The  third  paper,  published  in  the 
BulUtins  for  December,  1895,  and  January,  1896,  contains  a 
summary  of  the  results  for  1895.  Instead  of  the  49  shocks 
chronicled  in  the  previous  year,  we  have  no  fewer  than  400 
observed  in  Turkey,  236  in  Greece,  55  in  Bulgaria,  and  62  in 
the  remainder  of  the  region,  making  a  total  of  753,  or.  about 
two  a  day.  The  majority  of  these  are  connected  with  several 
well-marked  earthquake-centres,  of  which  Dr.  Agamennone  dis- 
criminates thirty-one  as  having  been  in  action  in  1895.  The 
Constantinople  centre  has  sunk  into  relative  unimportance,  only 
ten  shocks  being  known  to  have  their  origins  in  the  neighbourhood 
of  that  city. 

One  of  the  most  important  earthquakes  in  1895  was  that  felt  at 
and  near  Paramythia  during  the  night  of  May  13-14.  Its  intensity 
was  between  the  degrees  ix  and  x  of  the  Rossi-Forel  scale.  At 
least  seventy  persons  were  killed,  and  more  than  500  houses  were 
destroyed,  within  an  area  of  about  150  square  miles.  The  shock 
was  felt  at  Zante,  about  110  miles  from  the  epicentre,  and  was 
registered  at  several  observatories  in  Italy,  and  also  at  Nicolaiew, 
in  the  south  of  Russia.  From  the  times  obtained  at  these  places 
and  near  the  epicentre,  Dr.  Agamennone  estimates  that  the  early 
tremors  travelled  at  about  1-21  miles  a  second,  and  the  larger 
pulsations  at  about  0*88  miles  a  second.  C.  Davison. 


poi2rREs:poisrnDEifroE. 

THE  PENEPLAIN  OF  THE  SCOTCH  HIGHLANDS. 

Sib,— Your  Magazine  for  last  March  contains  an  article  by 
Messrs.  Macnair  and  lleid  that  touches  on  a  chapter  in  Scotch 
geology  and  geography  which  has  interested  me  for  some  time 
past;  but,  unhappily,  the  few  words  of  discussion  that  I  con- 
tributed to  the  problem  in  a  footnote  to  an  article  on  a  very 
different  subject  ^  seem  to  have  been  misunderstood  by  the  above- 
named  authors. 

The  problems  discussed  by  Messrs.  Macnair  and  Reid  include 
a  consideration  of  the  geographical  conditions  obtaining  in  Scotland 

*  **The  Development  of  certain  English  Kivers":  London  Geogr.  Joum.  1896, 
p.  139. 
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during  Old  Eed  Sandstone  time.  Among  these-  conditions,  the 
form  of  the  floor  of  ancient  rocks  on  which  the  Old  Bed  lies 
unoonforniably  may  be  regarded  as  of  prime  importance. 

The  problem  to  which  my  attention  had  been  mtti'aoted  is  the 
date  and  process  of  origin  of  the  now  uplifted  peneplain  in  which 
the  Scotch  glens  of  to-day  are  carved.  Judging  by  analogy  with 
other  |)eneplaiu8,  that  of  the  Scotch  Highlands  can  hardly  hare 
been  longer  ezpose<l  to  dissection  than  since  the  latter  part  of 
Mesozoio  time;  indeed,  Tertiary  time  alone  may  have  been  suffi- 
cient for  the  excavation  of  the  narrow  glens  in  the  hard  rocks 
of  the  Highlandn,  as  well  as  for  the  more  general  denudation  of 
the  weaker  rocks  of  the  Lowlands.  It  is.  therefore,  not  unreason- 
able, in  my  view  of  the  matter,  to  regard  the  broad  denudation 
by  which  the  Highland  peneplain  itself  was  formed  as  having 
been  completed  in  Cretaceous,  or,  at  earliest,  in  Jarassic  time. 
Whether  this  denudation  was  accomplished  by  marine  or  by 
subaerial  agencies,  or  by  the  co-operation  of  both,  I  aee  no  means 
of  deciding  definitely ;  but,  for  various  general  reasons,  I  incline 
to  ascribe  it  chiefly  to  subaerial  agencies. 

Now,  the  reason  that  my  brief  footnote  afforded  material  for 
quotation  by  Messrs.  Macnair  and  Heid  is,  that  I  referred  therein 
to  the  views  of  Sir  A.  Geikie  concerning  the  date  of  the  Highland 
peneplain,  from  which  I  took  the  liberty  of  dissenting;  but  I  am 
at  a  loss  to  uuderatand  why  a  quotation  from  my  footnote  should 
be  cited  as  *'  a  very  good  example  of  the  misconception  and  general 
indefiniteness  which  accompany  Sir  A.  Geikie's  description."  If 
the  brief  note  l)e  misconceived  and  generally  indefinite,  the  blame 
should  fall  on  no  one  but  mvself. 

In  continuation,  Messrs.  Macnair  and  Reid  seem  to  infuse  their 
own  views  into  my  words  when  they  say — **  Professor  Davis  speaks 
of  Devonian  seas  having  cut  down  the  Highlands  to  their  base- 
level.'*  On  tlie  contrary.  I  said  that  "Devonian  erosion  consumed 
n  <xreat  volume  of  the  contorted  and  overthrust  rocks  of  the  Higli- 
laiidM/'  Wlietlier  this  erosion  was  n»arine  or  subaerial,  is  a  difficult 
matter  to  decide,  and  I  did  not  undertake  to  decide  it.  That  tlm 
ero^iion  of  that  time  reduced  the  Highlands  to  base-level,  was 
regarded  as  j»rol)able,  but  was  not  directly  asserted. 

Moreover,  my  use  of  the  terms  '*  Devonian  "  and  **  Old  Red  "  was 
as  synonyms — not  for  a  moment  as  names  of  different  times  or 
of  huccessive  formations.  Furthermore,  1  said  nothing  to  justify  the 
statement  that  *'  Professor  Davis  speaks  .  .  .  as  if  there  were  two 
distinct  sets  of  rocks  in  Scotland,  one  marine  .  .  .  the  other 
fresh-water."  The  question  of  the  marine  or  lacustrine  deposition 
of  the  Old  Red  (Devonian)  was  not  raised  in  my  note.  On  the 
other  hand,  I  cannot  justly  take  shelter  under  the  statement  of 
Messrs.  Macnair  and  Reid  that  any  error  in  my  note  "is  quite 
excusable  in  one  who  has  never  studied  the  rocks  of  our  country,  but 
only  read  of  them  in  the  *  Scenery  of  Scotland/"  for  my  reading 
extends  much  further;  and  while  I  have  not  "  studied  "  Uie  rocks 
on  the  ground,  1  have  at  least  seen  some  of  them,  and  in  most 
enjoyable   company,   from   the    Buried   pre-Torridonian    mountains 
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on  the  shore  of  Loch  Maree  to  the  Carboniferous  rocks  of  the 
Lowlands.  But  from  these  personal  matters,  let  me  turn  again 
to  the  problem  of  the  Highland  peneplain. 

It  seems  to  me  beyond  dispute  that  a  great  denudation  (whether 
marine  or  subaerial  is  here  irrelevant)  preceded  the  deposition  of  the 
Old  Red  (Devonian),  because  its  lowest  strata  are  strongly  uncon- 
formable on  their  foundation.  The  place  where  the  detritus  furnished 
by  this  denudation  was  deposited  is  unknown;  but  this  does  not 
weaken  the  evidence  of  the  denudation.  The  precise  date  of  the 
denudation  is  not  defined ;  it  certainly  preceded  the  deposition 
of  the  Old  Red,  but  its  chief  accomplishment  may  have  been  at 
a  considerably  earlier  date ;  indeed,  after  the  greater  part  of  the 
denudation  had  been  effected,  there  may  have  been  some  deformation; 
and  upon  this  deformed  denuded  surface,  the  Old  Red  deposition  may 
have  been  begun.  This  can  only  be  told  by  piecing  together  such 
fragments  of  the  Old  Red  floor  as  are  now  in  sight,  restoring  them 
to  the  position  that  they  had  at  the  beginning  of  Old  Red  deposition 
by  allowing  for  the  dip  that  the  Old  Red  strata  have  since  then 
gained,  and  then  judging  as  well  as  may  be  whether  the  restored 
floor  has  the  form  of  a  surface  of  denudation  or  of  deformation. 
Likely  enough,  this  problem  is  not  definitely  soluble ;  but  as  far 
as  I  have  read,  the  facts  fully  support  the  general  statement  that 
*'  a  vast  denudation  was  accomplished  in  earlier  times  than  the  Old 
Red  Sandstone  period."  The  contention  that  there  was  no  such  vast 
denudation  does  not  seem  to  me  well  grounded.  On  the  other  hand, 
it  seems  equally  indefensible  to  maintain  that  the  surface  produced 
by  the  very  ancient  pre-Old  Red  denudation  is  essentially  identical 
with  the  once  continuous  peneplain  of  the  Highland  ridge- tops. 
Whatever  even  floor  was  produced  before  the  beginning  of  Old  Red 
deposition,  it  must  be  altogether  lost  to  our  sight  by  the  significant 
deformation  and  the  extensive  denudation  which  have  taken  place 
since. 

At  the  close  of  the  Old  Red  period,  some  old-land  areas  may 
have  remained  above  water  (marine  or  lacustrine  is  immaterial  in 
this  connection).  Around  any  such  areas  stretched  the  horizontal 
Old  Red  strata.  But  that  condition  is  not  presented  to  us ;  for 
the  Old  Red  strata  were  at  some  later  time  more  or  less  tilted, 
especially  around  the  Grampians ;  and  in  this  disturbance  the 
foundation  rocks  must  have  shared  with  their  cover.  It  is  true 
that  in  certain  districts  the  Old  Reds  have  been'  little  disturbed  ; 
but  the  dips  that  I  have  seen  in  the  neighbourhood  of  Moray  Firth 
are  quite  sufficient  to  have  required  a  significant  disturbance  in  the 
old- land  floor,  as  well  as  in  the  Old  Red  cover.  Hence  it  seems 
impossible  to  make  the  peneplain  that  is  indicated  by  the  existing 
ridge-tops  of  the  Highlands  agree  with  either  the  pre-Old  Red 
floor,  or  with  the  old-land  areas  that  may  have  remained  above 
water  at  the  end  of  Old  Red  deposition.  Just  what  view  Messrs. 
Maonair  and  Reid  hold  on  this  question  I  do  not  gather  from  their 
essay ;  but  my  reasons  for  differing  from  Sir  A.  Geikie  do  not  seem 
to  nie  to  exhibit  misconception  or  general  indefiniteness. 

Whatever   peneplain    is    recognizable    in  the  sk^  -\vcka   ^1  "Cc^^ 
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Highlands,  I  believe  it  to  have  been  produced  after  the  post-Old 
Ked  deformation  of  the  region  ;  prob&bly  long  afterwards.  In 
boine  places  it  may  by  accident  agree  with  the  Old  Red  floor ;  but 
as  a  whole  it  must  differ  from  that  floor,  because  the  floor  was 
generally  deformed  after  the  Old  Red  strata  were  laid  on  it.  Such 
coincidence  is  against  all  probabilities.  It  is  altogether  unlikely 
that  a  peneplain  of  so  ancient  a  date  as  Middle  Palaeozoic  time 
should  have  stood  nearly  level  and  dose  to  sea- level  until  so 
comparatively  late  a  date  as  just  before  the  uplift  that  allowed 
the  erosion  of  the  glens. 

It  may  be  noted  that  the  peneplain  of  the  Highlands  is  of  more 
imperfect  form,  of  more  difficult  recognition,  and  hence  attended 
with  more  uncertainty  in  explanation,  than  various  other  uplifted 
and  dissected  peneplains  that  I  have  seen :  for  example,  that  of 
the  Ardennes  and  Hunsriick,  or  that  of  southern  New  England,  or 
of  western  Pennsylvania  and  Virginia.  The  Scotch  example  must 
have  been  a  rugged  one  at  the  best  Local  study  may  perhaps 
identify  certain  peneplain  areas  that  were  well  developed  by  the 
denudation  that  formed  them  when  the  region  stood  lower,  and 
that  are  not  yet  altogether  obliterated  by  the  denudation  that  lias 
been  initiated  since  the  region  has  risen  to  about  its  present  height 
The  record  of  such  a  study  I  would  gladly  see.  At  the  same  time 
it  might  be  possible  to  infer  by  what  sort  of  uplift  the  peneplaia 
gained  its  present  order  of  altitude ;  whether  by  an  arching,  such 
as  Hayes  and  Campbell  have  described  for  the  uplifted  peneplain 
of  the  southern  Appalachians  (Nat.  Geogr.  Mag.,  Washington,  vi, 
1894,  p.  63),  or  otherwise.  It  is  perhaps  to  Scotch  geographers 
rather  than  to  Scotch  geologihts  that  one  must  look  for  a  solution 
of  this  long-postponed  problem ;  but  the  solution  will  be  welcome 
whencesoever  it  comes. 

Harvard  University,  September,  1896.  W.  M.  DaviS. 

TUE  PARALLEL  ROADS  OF  GLEN  ROY. 

Sir, — If  the  **  parallel  roads  "  are  marine  raised  beaches,  they 
were  accumulated  between  daily  tide-marks,  and  as  such  are  sure 
to  differ  in  character  from  beaches  accumulated  at  more  or  less  fixed 
levels.  Secondly,  if  the  beaches  were  marine  and  rocky,  one  or 
other  form  of  Litiorina  could  scarcely  be  absent,  and  Littorinas  are 
practically  indestructible.  In  the  loose  sand  of  one  at  least  of  the 
Devonshire  raise(>  beaches,  these  shells  occur  in  perfect  preservation; 
Litiorina  ohiusata  is  also  said  to  occur  in  the  deposits  on  Moel 
Tryfaen.  If,  then,  the  beach-deposits  of  the  parallel  roads  of 
Glen  Roy  still  survive,  and  no  trace  of  Litiorina  can  be  found  in 
them,  the  fact  is  hard  to  explain  in  such  a  sheltered  valley,  on  the 
hypothesis  that  the  accumulations  are  of  marine  origin.  If,  in 
addition  to  the  absence  of  Litiorina  the  beaches  show  no  signs  of 
being  accumulated  between  tide-marks,  the  difficulty  of  accepting 
their  niarine  origin  will  be  greater  still.  The  best  evidence  of 
a  raised -beach  platform  is  its  sloping  towards  the  water  as  part 
of  an  old  tidal  strand.  Can  such  inclined  planes  be  detected  in  the 
case  of  the  parallel  roads  of  Glen  Hoy  ?  A.  K.  Hunt. 
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Mr.  SharpB  described  in  the  Memoir  of  the  Palseontological  Society 
under  the  name  of  Apfyehus  Fortlackii,  differ  from  the  pro-ostracum 
of  B.  lanceolata.  There  is,  however,  to  be  noticed  the  same 
appropriate  correspondence  in  regard  to  size,  between  these  small 
aptjchi  and  the  small  contracted  alveolar  opening  of  B.  quadrata ; 
the  largest  specimen  meaHuring  in  length  18  mm.  and  the  smallest 
only  7  mm.  The  straight  inner  edge  is  very  diffei*ent  from  that  of 
Apt.  leptophylUiBy  being  bent  into  an  angular  process  which  laps  over 
the  similar  projection  of  the  other  shell — generally  the  left  laps 
over  the  right — and  when  thus  united  they  form  on  the  inside 
a  groove  which  corresponds  with  the  internal  groove  previously 
described  in  the  pro-ostracum  of  B.  laneeolata.     (See  Figs.  10-12.) 

There  is  no  evidence  how  these  small  pro-ostraca  were  attached ; 
but  probably  the  attachment  was  loosely  by  membrane,  not  so  near 
the  guard  as  in  B.  laneeolata,  and  hence  were  even  more  easily 
detached  and  separated  from  the  guard  after  the  death  of  the 
Belemnite. 

No  trace  of  mandibles  has  been  hitherto  found  associated  with 
B.  qundrata ;  the  beak  was  possibly  horny  and  not  of  the  same  com- 
position as  the  guard  or  pro-ostracum,  hence  it  was  not  preserved, 
and  has  left  no  trace  behind. 

After  having  established  the  fact  of  the  relationship  of  B.  laneeolata 
and  B.  quadrata  to  the  two  aptychi  found  with  them,  attention  was 
paid  to  the  higher  zone  of  the  Chalk,  and  here  it  was  discovered 
that  Aptychns  rugosus  was  associated  with  B.  mucronata.  As  the 
guard  and  alveolar  cavity  of  this  species  bear  a  close  resemblance 
to  the  same  parts  of  B.  laneeolata^  so  Aptychns  rugosus  in  many 
ways — in  outline,  general  form,  and  relative  size — resembles  Apt, 
leptophyUns.  There  is  the  same  thin,  straight  inner  e<lge  curved 
to  lap  over  the  margin  of  its  fellow  shell,  and  the  curved  lines  on 
the  inner  concave  surface  are  nearly  identical.  Externally,  as 
the  specific  name  indicates,  the  surface  is  marked  with  a  series  of 
roughened  ridges,  arranged  in  irregular  parallel  lines,  which  some- 
what follow  the  outline  of  the  upper  and  outer  sides  of  the  shell ; 
these  tuberoulated  ridges  do  not  extend  to  the  outside,  which  is 
terminated  by  a  thin,  flat,  bevelled  edge.  The  peculiar  sculpturing 
of  the  external  surface  is  probably  due  to  the  itiipression  made  by 
the  roughened  membrane  which  originally  covered  this  extension 
of  the  phragniocone,  and  bears  a  close  resemblance  to  the  granular 
surface,  so  often  seen  on  the  guard  of  B.  quadrata,  and  also  very 
marked  in  the  upper  part  of  the  guard  of  a  large  specimen  of 
/y.  mucronata,  from  Westphalia,  in  the  Natural  History  Museum, 
Cromwell  Koad,  which  is  undoubtedly  secreted  by  the  membrane 
covering  it. 

Briefly,  therefore,  it  appears  that — 

(1)  Aptychns  rugosus  \s  the  pro-ostracum  o^ Belemnttella  mueronnta, 

(2)  Aptychns  leptophyllus  is  the  same  part  of  Belemuitella  laneeolata, 

(3)  Aptychus  Portlockii  is  the  pro-ostracum  of  Belemnitella  quadrata, 

(4)  The  large,  coarsely   punctate  aptychus  from    tbe    Marsupite 
zone  is  the  true  Aptychus  of  Ammonites  leptophyllus. 
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I. — Some  Notks  on  the  Aptychi  from  the  Upper  Chalk. 

By  II.  P.  Blackmore,  M.D.,  F.G.S. 
(PLATE  XVI.) 

IN  1853-6,  when  Mr.  Sharpe  published  his  monograph  on  the 
Cretaceous  Cephalopoda  of  England,  the  various  species  were 
roughly  placed  according  to  the  divisions  of  the  Chalk  formation  as 
described  by  Conybeare  and  Philips.  This,  unfortunately,  led  to 
many  mistakes  :  amongst  others,  Mr.  Sharpe  described  BelemniteUa 
mucronata  as  occurring  "everywhere  in  the  Upper  Chalk  of  the 
South  of  England,"  whilst  BelemniteUa  qundrata  is  only  noticed  as 
occurring  in  the  Middle  Chalk  of  Kent,  Surrey,  and  Sussex  ;  the 
fact  being  that  BelemniteUa  quadrnta  is  not  found  in  the  Middle 
Chalk,  and  BelemniteUa  mucronata  is  restricted  to  the  highest  zone 
of  the  Upper  Chalk. 

A  careful  study  of  the  various  Chalk  beds  by  Barrois,  Whitaker, 
Price,  Evans,  and  others  has  resulted  in  establishing  the  fact  that 
the  Upper  Chalk,  which  to  the  casual  observer  looks  all  alike,  can 
be  easily  subdivided  into  various  zones,  each  zone  being  characterized 
by  the  presence  of  certain  typical  fossils,  amongst  which  the 
Belemnites  play  an  important  part  In  the  upper  beds  are  found 
BelemniteUa  mucronata  ;  these  are  immediately  followed  by  others 
containing  B,  quadratay  and  in  the  lower  third  of  this  zone  is 
a  small  band  which  contains  B.  lanceolata  ;  whilst  still  further  down 
in  the  Marsupite  zone  is  found  the  small  B,  vera, 

UPPER  CHALK  ZONES  IN  THE  NEIGUBOURnOOD  OF  SALISBURY. 


100  feet 


150  feet 


BelemniteUa  mucronata  zone 


BelemniteUa  quadrat  a  zone 


200  feet 


BelemniteUa  lanceolata  band 


Marsupite  zone  with  BelemniteUa  vera 


DBCADB  IV. — VOL.    lU. — ^NO.    XII. 


34 


630  Dr.  H.  P.  Blackfiwre— 

• 

In  the  neighbonrbood  of  Salisbnry,  tbe  zone  of  Bdemmldla 
qftadrata  is  largely  developed,  as  well  as  the  smaller,  more  limited 
bed  which  contains  Belemnitella  laneeolata :  a  carefullj-oollected 
series  of  fossilg  from  these  two  zones  soon  brought  oat  tbe  fact  that 
j4fttychi8  leptophyllvs  and  Belemnitella  laneeolata  always  oocnrred 
to^etlier,  and  that  Aptychui  Portlockii  and  Belemnitella  quadrata  were 
similarly  associated.  A  further  study  of  the  specimens  themselves 
revealed  what  this  probably  meant,  viz.,  that  these  two  Aptychi  were 
the  forward  extension  of  the  phragmocone,  called  by  Huxley  the 
pro-ostraciim,  of  Belemnitella  laneeolata  and  Belemnitella  quadrata 
respectively.  Liet  us  now  examine  more  closely  and  see  whether 
the  facts  bear  out  this  interpretation,  and,  for  the  sake  of  convenience, 
begin  with  Aptychus  lepiophyllus,  as  related  to  Belemnitella  laneeolata. 

If  a  specimen  of  the  latter,  suflBciently  well  preserved  to  show  tbe 
form  of  the  alveolar  opening  of  the  guard,  be  carefully  examined, 
it  will  be  noticed  that  the  lateral  curve  of  the  anterior  edge  exactly 
fits  the  posterior  end  of  Aptychug  leptophylhs ;  and  further,  that  these 
corresponding  edges  are  similarly  ended  by  roughened  margins 
(Figs.  1  and  2) ;  also,  on  the  inner  surface  of  the  outer  margin  of  the 
proximal  end  is  a  well-marked  curved  line  (more  apparent  in  some 
specimens  than  others),  evidently  caused  by  a  fold  of  membrane 
which  attached  this  part  of  the  shell  to  the  latero-dorsal  end  of  the 
alveolus.  The  serai-crystalline  structure  and  mineral  condition  of 
Aptychus  leptophylluB  are  identical  with  the  alveolar  lining  of 
B,  laneeolata^  both  differing  from  the  structure  of  the  guard, 
corresponding  in  this  respect  with  the  analogous  structure  of  the 
conotheca  of  Belemnttes  pnxiUosus,  B.  inornains,  and  B.  elliptieuSj 
from  the  Lias  and  Oolite  ;  furthermore,  the  singular  and  characteristic 
curves  on  the  surface  of  the  conotheca  of  the  first  of  these  species 
closely  resemble  the  well-marked  curved  lines  of  growth  seen  on 
the  inner  concave  surface  of  Aptychns  Jeptopliyllus.  The  outer  surface 
of  the  proximal  end  of  most  of  the  aptychi  shows  distinct  marks  of 
lamination,  indicating  the  secretion  of  successive  layers  of  shell, 
deposited  by  the  membrane  as  the  animal  increased  in  age. 

This  is  an  important  point  to  notice,  as  it  clearly  proves  that  the 
sIk'II  grew  from  this  end  of  the  aptychus,  and  not  from  the  straight 
lateral  edge,  as  would  have  been  the  case  if  these  aptychi  represented 
the  opercuhi  of  Ammonites.  The  well-marked  curved  lines  of  growth 
on  the  inner  concave  surface,  as  well  as  the  direction  of  the  few 
radiating  longitudinal  lines,  also  prove  the  same  point. 

The  outer  surface  of  the  aptychi  is  smooth,  convex,  and  thickened 
towards  the  outer  edge,  which  in  a  side  view  presents  a  double 
curve ;  the  distal  end  is  terminated  by  a  thickened,  rounded,  smooth 
ri<lge.  The  straight  inner  side  is  very  thin,  sharply  curved  inwards 
at  its  margin ;  some  specimens  from  the  Salisbury  chalk-pits  show 
the  two  halves  united  along  this  margin,  one  lapping  over  the  other, 
the  junction  forming  a  straight  groove  which  was  probably  a  con- 
tinuation of  the  ventral  sulcus  or  the  siph uncle. 

The  alveolar  end  of  the  guard  of  B,  laneeolata  is  generally  much 
paler  in  colour  than  the  rest  of  the  guard ;  but  at  about  a  quarter  of 
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an  incli  from  the  free  margin  there  is  a  well-marked  stain  of  darker 
colour  which  follows  the  contour  of  the  alveolar  margin ;  this  is  so 
constantly  present  in  well-preserved  specimens  that  it  is  probahlj 
due  to,  or  marks  a  point  of  attachment  of,  the  membrane  which 
united  the  pro-ostracum  to  the  phragmocone.  This  darker  marking 
can  also  be  observed  along  the  outer  and  upper  curved  margin  of 
the  aptychus. 

The  roughened  termination  of  the  thin  alveolar  margin,  and 
corresponding  irregularity  of  the  proximal  end  of  the  aptychus, 
have  been  already  noticed  ;  from  this  it  would  appear  there  was 
no  fixed  shelly  attachment  of  the  pro-ostracum  to  the  phragmocone ; 
the  union  was  one  of  membrane  only,  which  would  have  allowed 
a  considerable  amount  of  movement  to  this  portion  of  the  shell  of 
the  Belemnite.  This  is  also  probably  the  reason  why  the  aptychi 
in  the  Chalk  are  not  found  attached  to  the  guard ;  the  membranes 
would  speedily  decompose  after  death,  and  in  decaying  become 
separated  from  the  heavier  guard,  which  from  its  shape  and  weight 
would  naturally  sink  to  the  bottom  of  the  ocean,  whilst  the  mem- 
branes containing  the  head,  arms,  and  pro-ostracum  would  float  away 
and  be  deposited  probably  far  away  from  the  guard. 

One  other  point  is  worthy  of  note,  viz.  what  one  might  terra  the 
suitability  in  point  of  size  and  shape.  Fig.  4  represents  the  largest 
and  Fig.  5  the  smallest  specimen  found  :  both  can  bo  readily  fitted 
to  appropriate  guards  from  the  same  bed  of  Chalk ;  whereas  they 
would  be  utterly  out  of  proportion  as  opercula  of  the  huge  Ammomies 
leptophyllusy  which  is  also  found  in  this  locality,  but  in  a  much 
lower  zone. 

In  the  Marsupite  zone  of  this  neighbourhood  Mr.  Jebbett  has, 
however,  met  with  a  fragment  of  a  very  different  and  much  thicker, 
coarser  aptychus,  with  numerous  prominent  points  which  projec't 
nearly  an  eighth  of  an  inch  from  the  external  convex  surface.  My 
thanks  are  due  to  Mr.  G.  C.  Crick  for  drawing  my  attention  to 
several  nearly  perfect  specimens  from  Charlton  and  Bromley,  in 
Kent  (Nos.  46,770,  48,741,  70,391),  in  the  Natural  History  Museum, 
Cromwell  Road,  in  every  respect  corresponding  with  a  brokea 
specimen  from  Salisbury.  These  aptychi  are  very  different  from 
those  already  described  in  this  paper,  and,  from  their  size  and  the 
fact  of  their  occurring  in  the  Marsupite  zcme,  they  may  be  fairly 
assigned  to  Ammonites  leptophyllus ;  certainly  they  could  not  belong 
to  any  Belemnite. 

In  the  same  zone  of  Chalk  in  which  is  found  B.  lanceolata  and  its 
pro-ostracum,  have  been  discovered  specimens  of  rhyncholites,  which 
there  is  good  reason  for  considering  the  beak  of  this  Belemnite; 
no  Ammonite  or  Nautilus  being  known  in  this  zone  at  this  locality. 
Two  views  of  the  upper  mandible  of  a  large  Salisbury  specimen 
are  given  in  PI.  XVI,  Figs.  6,  7. 

Belemnitella  quadrata  differs  in  so  many  respects  from  B,  lanceolata 
and  B,  mucronata,  both  in  the  shape  and  proportion  of  the  alveolar 
cavity,  as  well  as  in  the  size  and  granular  surface  of  the  guard, 
that  one  is  not  surprised  to  find  how  widely  the  small  aptychi  which 
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Mr.  Sharpe  described  in  the  Memoir  of  the  Palseontological  Society 
under  the  name  of  Aptyehus  Portlockii,  differ  from  the  pro-ostracum 
of  B.  lanceolata.  There  is,  however,  to  be  noticed  the  same 
appropriate  correspondence  in  regard  to  sise,  between  these  small 
aptjchi  and  the  small  contracted  alveolar  opening  of  B,  quadrata; 
the  largest  specimen  measuring  in  length  18  mm.  and  the  smallest 
only  7  mm.  The  straight  inner  edge  is  very  diffei-ent  from  that  of 
ApL  leptophylluSt  being  bent  into  an  angular  process  which  laps  over 
the  similar  projection  of  the  other  shell — generally  the  left  laps 
over  the  right — and  when  thus  united  they  form  on  the  inside 
a  groove  which  corresponds  with  the  internal  groove  previously 
described  in  the  pro-ostracum  of  B,  laneeolata.     (See  Figs.  10-12.) 

There  is  no  evidence  how  these  small  pro-ostraca  were  attached ; 
but  probably  the  attachment  was  loosely  by  membrane,  not  so  near 
the  guard  as  in  B,  laneeolata,  and  hence  were  even  more  easily 
detached  and  separated  from  the  guard  after  the  death  of  the 
Belemnite. 

No  trace  of  mandibles  has  been  hitherto  found  associated  with 
B.  qundrata  ;  the  beak  was  possibly  homy  and  not  of  the  same  com- 
position as  the  guard  or  pro-ostracum,  hence  it  was  not  preser^'ed, 
and  has  left  no  trace  behind. 

After  having  established  the  fact  of  the  relationship  of  B.  laneeolata 
and  B.  quadraia  to  the  two  aptychi  found  with  them,  attention  was 
paid  to  the  higher  zone  of  the  Chalk,  and  here  it  was  discovered 
that  Aptyehns  rugosus  was  associated  with  B.  mueronata.  As  the 
guard  and  alveolar  cavity  of  this  species  bear  a  close  resemblance 
to  the  same  parts  of  B.  laneeolata,  so  Aptyehns  rugosus  in  many 
ways — in  outline,  general  form,  and  relative  size — resembles  Apt. 
leptophyllus.  There  is  the  same  thin,  straight  inner  edge  curved 
to  lap  over  the  margin  of  its  fellow  shell,  and  the  curved  lines  on 
the  inner  concave  surface  are  nearly  identical.  Externally,  as 
the  specific  name  indicates,  the  surface  is  marked  with  a  series  of 
roughened  ridfj;e8,  arranged  in  irregular  parallel  lines,  which  some- 
what follow  tlie  outline  of  the  upper  and  outer  sides  of  the  shell; 
these  tuherculated  ridges  do  not  extend  to  the  outside,  which  is 
terminated  by  a  thin,  flat,  bevelled  edge.  The  peculiar  sculpturing 
of  the  external  surface  is  probably  due  to  the  ifnpression  made  by 
the  roughened  membrane  which  originally  covered  this  extension 
of  the  phragmocone,  and  bears  a  close  resemblance  to  the  granular 
surface,  so  often  seen  on  the  guard  of  B,  quadrata,  and  also  very 
marked  in  the  upper  part  of  the  guard  of  a  large  specimen  of 
/y.  mueronata  J  from  Westphalia,  in  the  Natural  History  Museum, 
Cromwell  Road,  which  is  undoubtedly  secreted  by  the  membrane 
covering  it. 

Briefly,  therefore,  it  appears  that — 

(1)  Aptyehns  rugosus  is  the  pro-ostracum  o^ Belemnitella  mueronata, 

(2)  Aptyehns  leptophyllus  is  the  same  part  of  Belemnitella  laneeolata, 

(3)  Aptyehus  Portloekii  is  the  pro-ostracum  of  Belemnitella  quadrata, 

(4)  The  large,  coarsely   punctate  aptyehus  from    the    Marsupite 
zone  is  the  true  Aptyehus  of  Ammonites  leptophyllus. 
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It  is  consequently  proposed  that  in  future,  as  far  as'  the  first  three 
are  concerned,  the  term  aptychus  be  omitted,  the  fossils  being  named 
after  the  several  Belemnites  of  which  they  form  a  part 

EXPLANATION   OF   PLATE   XVI. 

1.  Lateral  yiew  of  guard  of  Belemnitella  lanceolata,  showing  curve  of   alveolar 

margin,  and  the  dark  stain  parallel  to  it. 

2.  External  view  of  Aptychus  leptophyllua^  showing  the  smooth  thickened  ridge  on 

upper  and  outer  edge,  and  also  laminated  lower  edge. 

3.  Internal  view  of  same,  showing  the  curved  lines  of  growth,  and  curved  line 

produced  by  membrane  on  the  lower  outer  edge. 

4.  External  view  of  largest  specimen  of  Apt.  leptophyllut, 

5.  Internal  view  of  smallest  specimen  of  Apt.  leptophyilus. 

6.  Front  view  of  Rhynchohte^  the  upper  mandible  of  Bel.  laneeoUita. 

7.  Lateral  view  of  the  same. 

8.  External  view  of  Aptychtu  Portlockii — the  right  perfect  half,  the  left  broken 

on  inner  edge. 

9.  External  view  of  an  example  of  Apt,  Portlockii ;  the  surface  is  nearly  smooth, 

showing  but  few  lines  of  growth. 

10.  External  view  of  a  specimen  of  Apt.  Portlockii,  slightly  broken  on  inner  and 

lower  edges ;  lines  of  growth  strongly  marked. 

11,  12.  Two  small  examples  of  Apt.  Portlockii ,  the  two  halves  united  on  the  inner 

margin  at  an  angle  which  corresponds  with  that  of  the  alveolar  cavity  of 
Belemtiitella  quadrata. 

13.  Internal  view  of  right  side  of  Apt.  Portlockii,  showing  regular  lines  of  growth. 

14.  Dorsal  view  of  a  part  of  guard  of  Bel.  quadrata,  showing  the  form  of  alveolar 

cavity  and  the  curve  of  alveolar  edges. 
16.  Lateral  view  of  the  same. 
16.  External  view  of  a  large  specimen  of  Aptychus  ruyosus  from  the  Upper  Chalk, 

Norwich. 

All  the   illustrations  of  Bel.  quadrata  and  Apt.  Portlockii  are  magnified  two 
diameters,  save  Figs.  14  and  15,  which,  like  the  other  figures,  are  of  the  natural  size. 
The  specimens  are  in  the  author*  s  cabinet,  Yale  House,  Salisbury. 


II. — The   so-galled    Middle    Sands    and    Glacial    Gravels    of 

Eastern  England. 

By  Sir  Henry  H.  Howorth,  K.C.LE.,  M.P.,  F.R.S.,  F.G.S. 

IN  a  previous  paper  I  have  discussed  the  post-Tertiary  Clays 
of  Eastern  England.^  In  that  paper  I  endeavoured  to  show 
tliat  these  clays,  varying  as  they  do  in  texture,  composition, 
and  contents,  mark  a  varying  geographical  distrihution  and  sub- 
stratum rather  than  a  succession  of  changes  in  time ;  that,  so  far 
as  we  can  tell,  they  are  for  the  most  part  on  the  same  horizon, 
and  interlock  with  each  other,  with  occasional  local  overlaps ;  while 
they  are  united  by  one  common  element,  namely,  the  presence  of 
certain  foreign  boulders  of  the  same  general  type  in  them  all. 

These  clays  are  closely  associated  with  largely  developed  beds 
of  sand  and  gravel,  which  present  similar  problems  for  solution, 
and  to  some  hitherto  neglected  features  of  which  I  should  like  to 
call  attention.  Before  turning  to  these  sands,  etc.,  I  would, 
however,  add  one  or  two  additional  facts  and  quotations  in  reference 
to  the  clays  in  support  of  my  former  conclusion.  In  Norfolk 
an  attempt  has  been  made  to  separate  the  so-called  glacial  clays 

1  Geol.  Mao.,  October,  1896,  p.  449. 
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into  a  Lower  Clay,  consistiDg  of  a  brown  stony  loam,  and  an  Upper 
or  Chalky  Clay,  overlain  by  sands  and  gravels;  bat  the  sections 
from  which  this  attempted  division  has  been  deduced  are  very 
uncertain  and  doubtful  in  their  testimony,  and  the  best  authority 
known  to  me  on  the  surface  beds  of  East  Anglia,  Mr.  Horace 
Woodward,  says  of  them  :  **  Most  of  these  sections  show  in  the 
same  pit  the  sand  tapering  away,  and  then  the  two  Boulder  Clays 
come  together,  and  their  separation  is  not  a  happy  task."  Again,  he 
says  that  in  many  places  the  Lower  and  Upper  Boulder-clay  are 
identical  in  character.  He  further  says  that,  while  in  East  I^orfolk 
the  brown  clay  maintains  its  character  of  a  brown  stony  loam,  further 
west  **  the  lower  glacial  clays  become  so  like  the  Chalky  Boulder-day 
that,  from  the  evidence  of  pit-sections,  they  cannot  be  separated  one 
from  the  other."  (Woodward's  Geology,  p.  507,  and  "Geology  of 
Country  round  Fakenham,  etc.,"  p.  19.)  This  geographical 
distribution  of  the  two  clays  is  at  once  explained  when  we  map 
out  the  beds  underlying  the  Drift  in  Norfolk,  and  find  that  in  the 
eastern  part  of  the  county  the  Chalk  is  still  covered  and  protected 
by  Crag  beds,  and  was  not,  therefore,  accessible  when  the  Drift  was 
formed,  while  in  West  Norfolk  the  Crag  is  denuded,  as  are  the  other 
Tertiary  beds,  and  the  Chalk  itself  is  exposed.  This  accounts 
for  the  chalky  debris  in  the  one  clay  and  its  absence  in  the  other. 
Carvel  1  Williams,  in  describing  the  surface  beds  of  Lincolnshii*e, 
says  :  "  Near  Weston,  three  miles  west  of  Louth,  are  good  exposures 
of  Hessle  Clay  banked  against  the  Chalky  Boulder-clay  " ;  and  be 
adds  the  pertinent  question — **  Does  not  the  brown  clay  pass  into  the 
chalky  clay  ?  "  Aj^ain,  he  describes  at  Brioket  Wood,  in  Hertford- 
shire, a  clay  as  precisely  intermediate  between  the  Hessle  Clay  and  the 
great  Chalky  Buulder-clay,  and  adds,  "  It  is  clearly  both."  Again, 
Jukes-Browne  wrote  a  well-known  memoir  proving  the  connection 
of  tlie  Lincolnshire  clays  with  the  Hessle  clays  of  Yorkshire 
(Q  J.G.S.  1879,  p.  397). 

Let  us  now  pass  on.  With  the  post-Tertiary  clays,  as  I  have 
said,  are  associated  large  beds  of  sand  sometimes  having  a  gravelly 
tt-'Xture,  and  containing  seams  of  gravel  and  of  laminated  brick- 
earth.  These  sands  agree  with  the  clays  in  containing  the  same 
kind  of  erratics,  and  are  treated  by  the  orthodox  geologists,  who 
champion  an  Ice  Age,  as  glacial  deposits. 

As  is  well  known,  efforts  were  made  long  nj:jo  by  Binney  and 
Hull,  working  on  different  lines  and  coming  to  different  conclusions, 
to  arrange  the  so-called  glacial  beds  of  Lancashire  into  three  serieH. 
Binney  divided  them  into  two  sandy  beds  separated  by  a  clay ; 
while  Hull,  whose  division  has  been  more  popular,  into  two  clays 
separated  by  sands  and  sandy  gravels. 

To  these  sands  and  sandy  gravels  of  Hull's  arrangement  was 
given  the  nan)e  of  Middle  Sands,  because  they  were  supposed  to 
come  between  the  two  clays.  This  tripartite  division  haj»  caused 
much  heartburning  among  geologists,  who  have  found  it  impobsible 
to  apply  it  to  the  great  mass  of  the  beds  found  outside  of  Lancashire, 
or  even  within  that  county,  and  esjjecially  has  the  difficulty  becu 
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felt  in  Eastern  EDglaad,  where  no  sophistication  of  the  evidence 
euables  us  to  apply  such  a  division  or  any  other  yet  suggested,  and 
DO  one  has  been  more  emphatic  in  pointing  this  out  than  Mr. 
Horace  Woodward.  Speaking  of  the  quadripartite  division  of 
Messrs.  Wood  and  Harmer,  he  says  (in  reference  to  the  area  around 
Fakenham)  :  ''I  have  been  at  a  loss  to  find  the  persistence  of  any 
of  the  above  four  divisions.''  The  beds  have  '^  frequent  and  often 
very  abrupt  changes  in  lithological  characters/'  etc.,  etc. 

Every  geologist  known  to  me  of  any  repute,  and  working  in 
Eastern  England,  now  repudiates  the  notion  that  it  is  possible 
to  apply  any  of  the  plausible  divisions  which  have  been  suggested 
t()  the  surface  beds  of  Eastern  England ;  while  most  of  them  would 
agree  with  Professor  Judd  in  his  remarks  on  Leicestershire,  But- 
land,  etc.,  that  the  sands  and  gravels  pass  horizontally  into 
boulder-clay,  and  reject  any  classification  of  the  beds  based  upon 
the  alternation  of  clay  with  sand.  The  fact  is,  not  only  do  the 
clays  and  sands  run  into  each  other  and  interlock,  but  the  clays 
frequently  contain  pockets  and  lenticular  masses  of  sand,  in  many 
cases  of  laminated  sands  with  shells,  while  the  sands  contain  similar 
patches  of  boulder-clay,  showing  they  were  contemporary  or 
virtually  so.  Although  the  tripartite  division  has  not  been  adopted, 
the  term  Middle  Sands  still  figures  largely  in  the  literature  of  these 
deposits,  and  occupies  a  notable  place  in  the  index  to  the  Quarterly 
Journal  of  the  Geological  Society. 

The  geologists  of  the  Survey  now  generally  separate  the  so-called 
glacial  beds  of  Eastern  England  into  two  series,  contrasted  sharply 
by  their  matrix  and  texture,  namely,  the  boulder-clays  and  the  sands, 
etc.  While  the  clays  are  treated  as  the  remnant  of  some  entirely 
hypothetical  moraine  profonde,  the  sands,  which  are  ofteji  stratified 
and  current-bedded,  and  which  cannot  therefore  be  attributed  to  this 
fantastic  product  of  Oloudland,  are  assigned  to  the  action  of  water. 
By  some  this  water  is  supposed  to  have  flowed  from  the  glaciers  or 
ice-sheets  in  the  form  of  subglacial  streams,  and  by  others,  who 
still  maintain  a  tripartite  or  multiple  division,  to  mark  Interglacial 
climates. 

First,  a  word  or  two  on  a  critical  difficulty  for  the  Glacialists, 
suggested  by  the  existence  of  sands  and  clays  in  separate  and 
intercalated  layers.  Every  true  glacier  moraine  known  to  me 
consists  of  a  perfectly  heterogeneous  mass  of  clay,  sand,  and 
stones,  or  of  sand  an(l  stones  mixed  in  the  greatest  confusion 
and  quite  unsorted.  A  glacier,  or  any  great  mass  of  solid  ice, 
is  incapable,  by  any  known  process,  of  sifting  and  separating 
the  ingredients  in  its  moraines  into  sands  and  clays.  Whatever 
virtues  we  attribute  to  ground  moraines,  we  cannot  well  suppose 
that  the  glacier  could  separate  them  into  the  two  great  constituents 
of  the  so-called  glacial  beds.  If  the  sands  and  the  clays  were  once 
mixed  in  a  common  mass  of  so-called  "  glacier  muck,"  they  must 
have  been  sifted  by  something,  and  that  something  is  shown  by  the 
laminas  and  current-bedding  of  the  sands  to  have  been  water  and 
not  ice.     Water  is,  in  fact,  invoked  to  account  for  the  sands  by  the 
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ultra-Glacialists,  but,  if  water  arranged  and  deposited  tbe  sands, 
whence  did  it  derive  them  ?  If  it  washed  them  out  of  the  hetero- 
geneous '*  muck "  which  formed  the  moraine,  then  the  clays,  no 
less  than  the  sands,  must  have  been  in  suspension  in  the  water,  and 
been  deposited  by  it,  and  if  deposited  slowly  they  ought  to  show, 
which  they  do  not,  lines  of  continuous  stratification.  If  they  came 
from  some  other  source  than  this,  whence  could  they  have  come 
when  the  country  was,  according  to  hypothesis,  either  blanketed 
by  ice  or  covered  with  the  moraine  stuff  of  the  glaciers  or  ice-sheets. 
The  dilemma  seems  complete.  I  have  put  it  before,  in  my  '*  Glacial 
Nightmare."  Of  course,  1  have  received  no  answer.  The  creed 
of  the  Glacialists  could  not  live  an  hour  if  its  advocates  did  not 
persistently  hide  their  heads  in  the  sand,  like  ostriches,  to  avoid 
the  most  commonplace  and  every -day  evidence.     But  let  that  pass. 

To  a  large  number  of  geologists,  these  so-called  Middle  or  Glacial 
Sands  of  Eastern  England  still  index  a  supposed  Interglacial,  mild 
period.  It  was,  in  fact,  upon  the  evidence  of  these  very  sands  that 
Searles  Wood  first  based  his  postulate  of  mild  periods  in  Glacial  times. 
It  was  supposed  to  be  evidenced  by  the  presence  of  marine  shells 
in  these  sands,  which  could  not  have  lived  when  the  North  Sea 
was  clicked  with  its  portentous  ice  burden;  and  Searles  Wood's 
conclusion  is  still  quoted  in  some  quarters.  But  the  whole  induc- 
tion was  really  based  on  a  complete  mistake  of  observation.  Tbe 
shells  contained  in  these  sands  did  not  live  contemporaneously  with 
the  deposit  of  the  sands  at  all.  My  friend  Mr.  Horace  B.  Woodwaid 
has  shown  very  conclusively  that  all  the  shells  and  fragments  of 
shells  found  in  the  so-called  Middle  Sands  of  East  Anglia  are  deri- 
vative, and  all  of  those  which  were  formerly  supposed  to  especially 
distinguish  a  mild,  Interglacial  age  are  really  Crag  shells,  and 
derived  from  rearranged  Crag  beds.  This  view  is  now  shared  by 
Mr.  Clement  Keid,  who  formerly  opposed  it. 

I  would  carry  Mr.  Horace  Woodward's  induction  much  further. 
It  seems  to  me  that,  so  far  as  we  have  evidence,  it  extends  to  making, 
not  only  the  East  Anglian,  but  all  the  shelly  deposits  of  Eastern 
England,  which  have  been  treated  as  original  deposits  of  the  Glacial 
Age,  derivative. 

I  cannot  see  how  it  is  possible  to  separate  the  isolated  shelly  beds 
at  March,  in  Cambridgeshire,  from  the  shell  beds  of  East  Anglia, 
with  which  they  agree  so  much  in  texture  and  contents ;  while,  if  we 
turn  to  the  Yorkshire  beds  the  evidence  of  their  derivative  and 
pre-Glacial  character  is  very  marked.  These  shells  occur  in  the 
so-called  Basement  Clay  at  Bridlington,  very  often  with  their  valves 
united,  in  *'  transported  masses  of  olive-grey  sand  and  clay." 
Other  similar  shells  occur  at  Dimlington  in  pockets  of  transported 
sand  which  still  preserve  their  lamination,  as  was  observed  long 
ago  by  Sir  Charles  Lyell  and  Professor  Hughes,  and  broken 
shells  also  occur  there  in  the  clay.  Mr.  Clement  Ileid  and 
Mr.  Lainplugh  have  shown  that  these  shells  occur,  not  in  silik^  but 
as  transported  boulders. 

The  beds  in  question  were  formerly  boldly  called  Crag,  a  name 
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which  ought  never  to  have  been  dropped,  for,  so  far  as  can  be 
judged,  they  are  the  Yorkshire  representatives  of  the  Upper  Crag 
beds  in  Norfolk,  in  which,  as  is  well  known,  Arctic  shells  occur. 
It  is  noteworthy  that  the  beds  at  Bridlington  contain  vertebrate 
remains  from  the  Crag,  Eocene,  and  older  beds  (Woodward's 
Geology,  p.  499). 

It  would  also  seem  that  the  shell  beds  at  Eelsey  Hill,  near  Hull, 
which  are  overlain  by  Boulder-clay  at  Speeton,  where  they  occur 
below  the  Lower  Purple  Clay,  and  at  Aby,  near  Claythorpe,  in 
Lincolnshire,  are  also  of  late  Crag  age.  I  find  that  after  I  had 
written  this  Mr.  Carvell  Williams  had  suggested  the  same  conclusion  ; 
and  if  it  be  sustained  it  enables  us  to  solve  a  considerable  difficulty, 
namely,  how  to  account  for  the  Norwich  Crag  having  been 
such  a  local  deposit  as  it  has  been  hitherto  deemed  to  be.  It 
enables  us  to  connect  the  East  Anglian  Crag,  as  Mr.  Carvell 
Williams  has  done,  with  the  fragments  of  Crag  beds  which  have 
occurred  on  the  coast  of  Scotland  in  Aberdeenshire  and  Nairnshire. 
We  must  remember  that  as  we  get  further  north  we  must  expect 
the  shells  during  the  period  of  the  Korwich  Crag,  as  in  our  own 
time,  to  show  a  more  and  more  Arctic  facies.  I  am  not  sure,  in  fact, 
whether  all  the  drift  shells  on  the  British  coasts  which  have  been 
treated  as  glacial  are  nut  derivative,  and  ought  not  really  to  be 
classed  as  equivalents  of  the  later  Crag  shells  of  Norfolk. 

With  the  disappearance  of  these  shells  from  the  category  of  true 
glacial  debris,  and  with  the  proof  that  they  are  derivative,  disappears 
the  postulate  of  an  Interglacial  climate  in  so  far  as  it  has  been  based 
on  the  shelly  sands  of  Eastern  England.  It  also  opens  the  way  for 
an  explanation  of  these  sands  very  different  to  that  usually  adopted. 

As  I  have  said  before,  the  opinion  is  now  pretty  general  that  all 
the  clayey  matrix  of  the  so-called  glacial  clays  of  Eastern  England  is 
a  derivative  product,  and  that  it  is  not,  in  fact,  a  clay  ground  down 
from  argillaceous  rocks  de  novo  by  whatever  distributed  and  arranged 
the  so-called  glacial  beds,  but  that  it  was  ready-made  clay  when  that 
instrument  began  its  work.  It  was  taken  up  ready-made  from  the 
various  beds  of  clay  exposed  to  its  influence  —  in  some  places 
from  the  Kimeridge  and  Oxford  Clays,  in  others  probably  from 
London  Clay  and  the  clays  of  the  Plastic  Series,  and  in  others, 
again,  from  the  so-called  Chillesford  Clays  of  the  Crag  deposits. 

Everyone  who  has  written  in  any  detail  on  the  subject,  seems  to 
allow  that  the  clay  which  forms  the  magma  or  body  of  the  Boulder- 
clays  was  derived  from  pre-existing  beds  of  clay.  This  conclusion 
is,  in  my  view,  equally  true  of  the  so-called  sands  and  sandy  gravels. 
The  sands  associated  with  the  Boulder-clays  of  Eastern  England  are, 
so  far  as  I  know ^  all  derivative  also,  and  were  ready-made  as  sands 
when  the  instrument  which  laid  down  the  so-called  glacial  beds 
began  to  operate.  For  the  most  part  they  are  rearranged  Crag  sands. 
In  part,  also,  they  are  probably  rearranged  sands  of  the  Bagshot  and 
Beading  Series ;  these  recent  beds  having,  doubtless,  before  the 
denudation  of  the  Fens  occupied  a  much  larger  area  in  Eastern 
England  than  they  do  now. 
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In  a  very  great  number  of  cases  where  they  have  been  mnpped  as 
ghicial  sands  by  the  Geological  Surveyors,  I  believe  it  has  been 
through  a  mistaken  notion  that  Crag  sands  or  Bagshot  sands  must 
necessarily  contain  Crag  or  Bagshot  shells,  whereas  a  very  large 
portion  of  those  sands  is  barren,  and  they  only  become  fossiliferous 
in  places.  In  the  Memoirs  of  the  Survey  for  East  Anglia,  there  are 
continual  laments  about  the  difficulty  of  separating  the  so-called 
Middle  Sands  or  glacial  sands  from  the  sand  beds  of  the  Norwich 
Crag.  Mr.  H.  B.  Woodward,  for  instance,  says  in  his  memoir  on 
the  country  round  Norwich,  in  many  places  there  is  considerable 
difficulty  in  drawing  a  definite  line  between  the  glacial  sands  and 
the  Norwich  Crag  where  they  do  not  contain  foreign  stones  {op,  ci<., 
p.  104).  The  explanation  of  the  difficulty  seems  simple  enough. 
There  is  no  difference,  except  of  arrangement,  between  these  sands. 
The  same  sands,  when  they  occur  in  horizontal  or  undisturbed  beds, 
are  rightly  treated  as  Tertiary  sands ;  when  they  have  become  con- 
torted and  dislocated,  or  mixed  with  foreign  stones,  they  are  classed 
as  glacial  sands,  the  fact  being  that  they  are  then  merely  Tertiary 
sands  remani^s.  The  so-called  contorted  drift  is  probably  nothing 
more  than  a  series  of  alternating  Crag  sands  and  laminated  clays 
which  have  been  twisted  and  contorted  and  subjected  to  violent 
alteration,  and  in  some  cases  mixed  with  some  erratic  boulders. 
This  mixing  and  tossing  about  constitute  the  sole  testimony 
they  offer  to  their  not  being  true  and  normal  beds  of  Crag,  etc. 
The  so-called  Middle  Sands  or  glacial  sands  of  Eastern  England 
have  their  equivalents  on  the  other  side  of  the  North  Sea,* 
where  they  are  developed  on  a  great  scale,  and  may  be  studie<l  in 
a  much  more  effective  and  simple  way,  since  they  are  not  assoeiated 
there  with  the  clays  which  form  such  a  prominent  feature  of  our 
own  surface  beds.  In  Holland,  from  Brabant  to  the  Helder,  the 
surface  beds  which  are  classed  as  glacial,  lie  immediately  on  Crag 
beds,  which  are  there  developed  on  a  great  scale,  while  there  are  no 
beds  of  Secondary  clay  or  chalk  exposed  which  could  supply  the 
iut^redients  for  making  boulder-cla3's  like  our  Chalky  Clajs  etc. 
These  so-called  glacial  beds  in  Holland,  therefore,  consist  merely 
of  sands  and  pebbly  gravels  corresponding  to  the  Middle  Sands 
which  we  have  been  discussing,  and  consist  there,  as  they  do  here, 
of  rearranged  Crag  beds,  with  a  certain  mixture  of  erratic  boulders, 
and  nothing  more.  The  matrix  of  the  beds  is  of  hon)e  origin,  and 
simply  testifies  to  the  Crag  sands  and  gravels  having  been  taken  np 
by  son)o  mighty  engine,  whicdi  has  rearranged  and  tossed  them 
about,  just  as  our  Secondary  and  Tertiary  clays  and  sands  have  been 
taken  up  and  similarly  rearranged.  Nor  is  there  a  tittle  of  evidence 
in  these  Dutch  beds,  other  than  the  supposed  ice-borne  character  of 
tlie  erratics  contained  in  them,  to  suggest  ice-portage  or  an  Ice  Age. 

To  return  to  Kngland — what  the  instrument  was  which  tossed  the 
sjinds  and  gravels  about,  forme<i  the  contorted  drift,  and  generally 
rearranged    them    in    this    fashion,  I   hope    to    discuss    on    another 

*  >ry  friend  !Mr.  ILirmer'H  pajxr  on  tlio  Dutch  surface  beds  had  not  been 
published  wheu  1  wrote  tliis,  or  I  should  have  referred  to  it. 
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occasion.  At  present  it  will  suffice  to  draw  the  same  negative  con- 
clusion from  the  sands  that  we  have  already  drawn  in  regard  to 
the  clays. 

In  my  former  paper  I  examined  every  feature  of  these  clays 
in  succession,  and  endeavoured  to  show  that  in  no  single  one 
do  these  clays  support  the  notion  that  they  were  formed  or  dis- 
tributed by  ice ;  but,  on  the  contrary,  when  critically  examined,  their 
texture,  contents,  mode  of  occurrence,  etc.,  are  absolutely  incon- 
sistent with  ice  in  any  form  having  had  to  do  with  them. 

If  this  be  so  with  the  clays,  a  fortiori  is  it  so  with  the  so-called 
Middle  Sands.  These  sands  are  stratified,  laminated,  and  false- 
bedded  ;  they  present  all  the  features  of  subaqueous  deposition  and 
arrangement,  and  it  is  universally  concluded  that  they  were,  in 
fact,  deposited  by  water.  The  champions  of  the  Ice  Age  save  their 
consistency,  as  I  have  said,  by  postulating  that  the  sands  were  either 
distributed  and  laid  down  by  subglacial  streams  or  during  an 
Interglacial,  temperate  period.  I  have  already  discussed  the  latter 
issue.  In  regard  to  the  former  let  me  add  one  further  argument. 
These  sands  and  sandy  gravels  are  distributed  in  a  most  erratic 
fashion — sometimes,  but  rarely,  in  the  valleys,  sometimes  capping 
the  hills,  sometimes  on  the  slopes.  How  subglacial  streams  cuuld 
run  about  the  country,  irrespective  of  its  drainage  and  surface 
contour,  uphill  and  downhill,  and  deposit  these  beds  as  we  find 
them,  passes  all  belief.  The  fact  is,  that  directly  the  Glacialist  has 
secured  his  ice-sheet,  and  covered  the  land  with  it,  he  considers 
that  he  is  entitled  to  postulate  any  kind  of  mechanical  absurdity 
as  having  occurred  under  its  shelter — to  believe  in  the  moving 
about  under  a  portentous  weight  of  hundreds  of  feet  thick  of 
slippery  clay,  and  sliding  pebbles,  and  disintegrated  sands,  as  of  ice, 
ground  moraine ;  the  running  about  of  water  up  and  down  the 
country,  contrary  to  and  in  spite  of  gravity.  These  are  samples  of 
what  is  commonly  supposed  to  have  occurred  in  the  far-off  days 
when  ice  was  everywhere.  In  fact,  with  the  intervention  of  these 
entirely  imaginary  ice-sheets  we  are  naturally  transported  to  an 
entirely  imaginary  world,  and  entirely  imaginary  operations  of 
Mature. 

While  the  ultra-Glacialists  admit  the  deposition  of  the  so-called 
Middle  Sands  by  water,  there  is  one  feature  developed  locally  in 
them  which  many  of  the  prophets  of  ice  attribute  directly  to  ice- 
action  in  the  form  of  floating  bergs,  or  of  the  melting  of  sub- 
terranean ice,  namely,  the  contortions  which  occur  in  the  so-called 
contorted  drift,  and  the  curves  and  twists  of  the  laminar  beds  of 
sand,  etc.  Upon  these  I  must  add  a  few  words.  I  have  spent  many 
scores  of  days  on  the  coasts  and  in  the  sand  and  chalk  pits  of  East 
Anglia,  and  have  drawn  a  good  many  sections  there.  Many  a  time  have 
I  wondered  how  it  was  possible  for  any  human  being  who  realizes 
what  a  grounded  berg  is  like,  and  the  kind  of  mechanical  work  it 
can  do,  to  suppose  that  it  could  posbibly  fashion  the  long-continuous, 
beanti/uUy  modelled  curves  into  which  the  sandy  laminae  have 
been  arranged,   many    of  them   extending  for   huudreds  of  yards 
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without  any  breach  in  the  continuity  of  their  graceful  lines,  in 
many  cases  twisted  into  various  serpen ti form  curves,  which  are 
often  reversed.  How  a  solid,  heavy  mass  of  ice,  pounding 
down  upon  soft  debris,  marked  by  delicate  lines  and  laminse, 
or  pushing  over  it,  could  avoid  pounding  it  into  what  the  Americans 
call  *'muck,''  or  could  in  any  way  arrange  the  curved  lamins 
of  the  contorted  drift  as  we  see  it  in  the  cliffs  of  Norfolk,  is  a 
stupendous  mystery  to  myself  and  perhaps  to  many  other  people. 
How  it  would  be  possible,  again,  to  either  create  or  maintain  such 
curves  and  lines  by  the  collapse  of  portions  of  soft  beds  in  con- 
sequence of  the  local  melting  of  buried  layers  of  ice,  as  some  others 
have  argued,  is  equally  confusing.  The  unsophisticated  student  who 
has  drunk  at  these  orthodox  geological  wells  should  suspend  his 
judgment  on  these  conclusions  until  he  has  actually  seen  the  gigantio 

swirls  and  figures  of /"curves,  which  are  so  frequent  in  the  Cromer 

cliffs,  or  mapped  out  carefully  a  series  of  the  layers  all  arranged  in 
concentric  curves  round  some  lenticular  or  other  nucleus,  of  which 
examples  occur  at  every  few  yards  in  the  cliffs.  The  fact  is,  such 
reasoning  as  I  am  criticizing  is  the  despairing  death-song  of 
Uniformity  as  understood  by  some  of  Lyell's  scholars. 

Not  less  impossible  to  attribute  to  ice-action,  as  we  have  shown  in 
previous  papers,  is  the  presence  in  some  of  these  contorted  beds  of 
great  masses,  not  only  of  solid  chalk,  but  of  loose  and  soft  materials, 
of  pockets  of  sand  or  lumps  of  shale,  which  have  been  taken  up  and 
redeposited  with  their  fine  laminas  undisturbed,  and  the  shells  in 
them  unbroken  and  transferred  as  boulders  into  the  beds  in  question. 
That  grounded  bergs  or  coast-ice  should  have  performed  this  kind 
of  work,  is  as  credible  to  some  of  us  as  that  Nasmyth's  hammer 
should  have  come  down  on  a  raspberry  sandwich  and  left  the 
indigestible  layers  intact.  I  claim  to  have  shown  that  in  no  single 
respect  do  the  so-ciilled  Middle  Sands,  so  far  as  I  know  them, 
either  testify  to  the  action  of  ice  in  any  form  or  to  the  existence  of 
glacial  conditions  when  they  were  deposited,  nor  to  the  existence 
of  Interglacial  periods:  conclusions  which  I  share  in,  as  far  as  East 
Anglia  is  concerned,  with  one  of  the  ablest  and  most  experienced 
prophets  of  Neo-Glacialism,  Mr.  Carvell  Lewis. 

Having  dealt  with  the  post-Tertiary  clays  and  sands,  we  still  have 
to  consider  another  set  of  beds,  associated  with  them  in  Eastern 
England  and  marked,  like  them,  by  the  presence  of  foreign 
stones.  These  are  the  beds  of  gravel  and  shingle  (for  the  must 
part  clean-washed),  and  consisting,  with  the  exception  of  the 
comparatively  small  proportion  of  erratics  they  contain,  of  smooth 
fiint  and  quartzite  pebbles  of  a  lenticular  or  flat,  oval  shape,  and 
occurring  in  many  cases  as  caps  to  the  hills  or  on  their  flanks. 
Many  of  these  were  formerly  treated  as  gravels  formed  in  subglacial 
streams  or  by  interglacial  rivers. 

The  opinion  has  been  gradually  gaining  ground  lately,  however, 
owing  to  the  admirable  work  of  Prestvvich,  Searles  Wood,  Monckton, 
and  others,  that  the  pebbles  in  these  shingle  and  gravel  beds  were 
all  formed  and  smoothed  as  we  find  them  long  before  the  so-called 
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Glacial  Age.  With  the  contour  of  the  country  as  we  know  it  there 
are  no  rivers  in  Eastern  England  which  either  make  or  can  make 
{^vel  or  shingle,  nor  do  we  see  whence  the  original  stones  could 
have  been  deriTed  under  present  conditions  for  fashioning  the 
pebbles.  These  pebbles  are  precisely  like  in  form  and  in  character 
to  the  pebbles  occurring  in  the  Bagshot  and  Reading  beds.  Where 
they  occur  in  East  Anglia,  etc.,  in  regular  beds  and  undisturl^ed 
layers,  as  they  do  at  South  wold  and  in  other  places,  it  seems  to 
me  that  they  actually  represent  Tertiary  horizons.  Where  they 
occur  mixed  with  foreign  stones  and  disturbed,  they  form  another 
instance  to  be  added  to  those  already  quoted  of  Tertiary  beds  which 
have  been  remanie  and  rediKtributed  by  the  same  force  and  at  the 
same  time  as  the  various  Boulder-clays  were  distributed.  Let  us 
now  sum  up  some  conclusions — 

1.  A  general  and  most  important  result  from  these  arguments 
and  facts,  if  they  are  sound,  is,  that  whatever  it  was  that  mixed  and 
distributed  the  soft  surface  beds  of  Eastern  England,  the  Boulder- 
clays,  so-called  Middle  Sands,  and  the  gravels,  it  had  no  part  in 
manufacturing  the  ingredients  out  of  which  those  beds  were  fashioned. 
These  ingredients,  in  so  far  as  they  were  local,  were  already 
fashioned  and  ready  to  its  hands.  The  clays  were  already  there  in 
the  form  of  clay ;  the  chalky.  Oolitic,  and  Liassic  rubble  was  there 
in  the  form  of  rubble ;  the  polished  flint  and  quartzite  pebbles  were 
there  in  the  form  and  shape  wo  now  find  them;  and  the  shells  were 
also  there,  having  lived  in  the  Crag  seas. 

2.  What  the  instrument  alone  did  which  formed  these  be<ls  as  we 
know  them,  was  to  bring  with  it  a  certain  number  of  foreign  stones 
and  to  mix  them  with  the  ingredients  already  on  the  ground,  and 
then  to  distribute  the  product  as  we  find  it  distributed. 

3.  There  is  no  evidence  in  these  bed's  to  justify  our  postulating 
a  long  process  and  a  prolonged  period  as  necessary  for  this  work, 
such  as  the  fashionable  school  of  geologists  postulate,  who  profess 
to  account,  not  only  for  this  mixture  and  distribution,  but  for  the 
manufacture  of  the  ingredients,  by  invoking  the  long-continued 
action  of  ice  during  an  Ice  Age.  On  the  contrary,  there  is  every 
ground  for  believing  the  process  to  have  been  rapid,  and,  if  not 
sudden,  to  have  been  continuous  and  not  intermittent. 

4.  There  is  no  ground,  so  far  as  these  beds  or  their  contents  are 
concerned,  for  invoking  the  intervention  of  ice  in  any  form  in  their 
mixture  and  distribution,  but  every  feature  which  marks  them  is  at 
issue  with  their  having  been  the  handiwork  of  ice.  The  term 
glacial,  therefore,  applied  to  the  clays,  sands,  and  gravels  in 
question,  is  inapplicable.  It  is  quite  time  that  the  authors  of  this 
literature  should  put  on  their  armour  and  sharpen  their  weapons, 
and  instead  of  repeating  the  obiter  dicta  of  their  wildest  prophets, 
should  condescend  to  examine  the  facts  and  arguments  which  have 
been  quoted  against  them  and  to  reply  to  their  critics. 
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IIL — The  Pbe5k»t  Aspects  or  Glacial  Gboijoot.^ 
Bt  T.  MiLLAmi*  Beai>k,  C^,  F.G.S. 

INCE  I  joined  this  Soeietv  I  have  devoted  special  mttentioa 
to  Glacial  Geology,  ooinmeiicing  with  an  investigatioD  of 
the  PI«rifttocene  de[K>hitA  in  the  neigh boarhtiod  of  Liverpool,  and 
gradually  extending  nay  oliaervations  to  adjacent  areaa*  and  finally 
generally  to  England,  Wales.  Scotland,  and  Ireland.  I  have 
thereror<3  thought  that  the  ''Present  Aspects  of  Glacial  Geology** 
wonM  form  a  fitting  snhject  for  my  closing  Presidential  Address. 

My  finit  pii)>Iished  pa]>ers  deal  mostly  with  the  Low-level  Boolder- 
clavH  and  »Sands,  of  which  we  possess  an  excellent  development  in 
J^anr^shire  and  Cli^sliire.  Latterly  I  have  extended  mv  stndies 
to  the  High-level  Sh*-lly  Sands  and  Gravels,  and  Boolder-clays. 
llieie  ol»ser\'ations  are  noted  in  papers  which  have  appeared  in 
the  Proceedings  of  the  Geological  Society  of  London,  our  own 
and  the  Proceedings  of  other  societies,  and  in  the  Geological  and 
kindred  Magazines ;  consequently,  though  the  work  has  heen 
continuous  and  connected,  it  cannot  he  studied  as  a  whole  without 
conHJderable  labour,  which  few  wonld  care  to  enter  upon. 

I'he  object  of  my  present  address  is  to  compress  the  leading 
facts  into  a  convenient  compass,  and  to  bring  out  the  salient  results 
and  conclusions  as  they  bear  upon  the  present  position  of  the 
Ghicial  question. 

The  whole  of  the  Lancashire  and  Cheshire  plain,  from  the  sea- 
level  up  to  about  400  feet,  and  in  places  600  feet,  is  covered 
by  a  continuf»u8  mantle  of  Boulrler-clay  and  sands,  broken  only 
l)y  an-aH  where  the  Triassic  or  Carboniferous  rocks  protrude  through 
it,  either  from  tlie  abHcnce  of  original  deposition  or  from  after- 
diMHulation.  This  series  of  deposits  I  have  called  the  Low-level 
MariiHi  Houhh-r-clays  and  Sands.  Iliese  clays,  as  a  rule,  contain 
diNtribnte<l  through  them,  in  a  greater  or  less  degree,  fragments 
of  HhelJH  an<l  soint*  perfect  ones.  I  myself  have  recorded  forty- four 
species.^  The  in.ijority  of  the  shells  are  of  species  that  now  live 
in  th«*  adjoining  seas,  mixed  with  a  few  others  of  a  more  northern 
type,  such  as  Axtarte  borealis,  which  may  be  considered  the  typical 
]{onl(Ier-clay  sln-ll  of  our  neighboiirljood.  Occasional  examples  of 
nior'5  southern  forms  occur,  such  as  Venus  Chione.  The  fades  of  the 
shells  does  not  lead  one  to  think  that  they  lived  in  water  of  a  very 
low  temperature.  An  examination  of  the  Boulder-clays  from  several 
localiticH,  notabl}'  from  the  cutting  of  the  Seacombe  Branch  of 
the  Wirral  Kail  way,  and  from  Cook's  Lane,  Great  Crosby,-*  show 
that  tlicy  sometimes  contain,  and  probably  more  frequently  than 
is  known,  a  profusion  of  Foraminifera,  which  tell  a  story  not  very 
ditr«*rent  to  the  molhiscan  remains. 

On  the  other  hand,  throughout  these  clays,  which  are  commonly 

*  rrcsi«l»ntial  Addnss  to  the  f.iverpool  Geological  Society,  1896-7,  by  T.  Mellaril 
lleadr,  C.K.,  !''.(;. S.,  F.U.I.  H.  A. 

2  (i..].(i.S.  1S71. 

*  Viov..  hiverixK)!  Geol.  Soc.  1894-5  and  1895-6. 
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used  for  bnck making,  there  occurs  a  great  variety  of  boulders  and 
pebbles,  of  which  those  from  the  English  Lake  District  pre- 
dominate, consisting  of  Silurian  grits  and  ashy  rocks  and  lavas 
from  the  Volcanic  Series,  which,  if  not  individually  identifiable,  are 
certainly  so  in  the  mass.  The  rocks  individually  identifiable  are, 
firstly,  Eskdale  Granite  and,  secondly,  Buttermere  and  Ennerdale 
Granophyre.  Mixed  with  these  are  Carboniferous  rocks  and,  in  a 
lesser  degree,  Triassic  sandstones  and  shales,  the  Keuper  Marls  being 
identifiable  by  the  casts  of  crystals  of  chloride  of  sodium  seen  on 
their  surface.  Granites  from  the  South  of  Scotland,  and  also 
Silurian  greywackes,  may  be  distinguished.*  These  rocks,  with  the 
exception  of  the  granites,  are  almost  invariably  striated,  and  often 
intensely  so,  especially  the  Silurian  grits.  The  Carboniferous  lime- 
8t(mes  are  sometimes  drilled  with  holes  by  boring  molluscs,  and  in 
one  case  I  found  a  boulder  well  striated  on  one  side,  and  bored  at  the 
top  and  sides  with  Sazicava  with  the  valves  perfect  and  still 
remaining  in  the  burrows.  From  the  sand  washed  out  of  some  of 
the  holes  I  obtained  the  fry  of  Saxicnva  and  of  Mactra.^ 

I  have  shown '  that  though  consisting  of  Boulder-clay  and  sands, 
the  character  of  the  drift  differs  in  various  localities,  being  related 
to  the  nature  of  the  rocks  in  the  river-basins  in  which  it  occurs : 
in  one,  clay  predominates;  in  another,  sand.  The  sand  may  lie  at  the 
base,  in  the  middle,  or  on  the  top,  or  in  all  these  positions  at  once. 
In  some  places  the  basal  clay  is  fuller  of  stones,  mostly  rounded 
pebbles,  and  is  of  a  sandier  and  harder  nature,  so  as  in  some  few 
cases,  as  at  Dawpool,  on  the  liiver  Dee,  to  stand  vertically.  There 
are  also  divisions  in  the  clay  in  places  like  unconformity,  but 
probably  due  to  contemporaneous  erosion. 

A  microscopic  examination  of  the  various  samples  of  clay  shows 
that  the  percentage  of  sand  is  commonly  much  greater  than  one 
would  expect  it  to  be.*  The  sand-grains,  as  a  rule,  are  much  worn 
and  rounded,  and  no  doubt  they  have  commenced  as  rounded  grains, 
in  many  cases  being  derived  from  the  Trias,  but  they  are  often  much 
more  polished  than  any  grains  I  have  taken  direct  from  Triassic 
sandstone,  being  perfectly  smooth  and  transparent.  Also,  there  are 
to  be  seen  very  minute  polished  pebbles  of  hard  drift  rocks.  The 
shell  fragments  often,  but  not  always,  show  signs  of  much  attrition. 
These  deposits  rest  upon  a  floor  of  Triassic  or,  in  some  cases, 
Carboniferous  or  Permian  rocks,  which  have  a  system  of  valleys 
not  always  corresponding  with  the  present  orographic  system. 

The  Drift  has  by  filling  up  the  valleys  sometimes  changed  the 
pre-Glacial  course  of  the  rivers,  so  that  in  the  case  of  the  Mersey 
it  now  runs  in  the  rock-channel  at  Runcorn  Gap,  instead  of  along 
the  deeper  rocky  valley  buried  below  the  town  of  Widnes.  The 
pre-Glacial  scenery  was  deeper-cut  and  bolder  than  the  usually  soft 

»  Q.J.G.S.  1884. 
^  Nature,  vol.  xl,  p.  246. 
»  Q.J.(f.S.  1883,  vol.  xxxix,  pp.  83-132. 

*  See   Davies  and  Roade,  Proc.  Liverpool  Geol.  Soc.  1894-5.     Reade,    "  Drift 
Beds  ot"  Moel  Trj-facn''  :   ibid.y  1892-3  ;  etc. 
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ontlineB  of  the  Boulder-clay  country.  There  is  also  evidence  from 
the  depth  of  these  buried  valleys  that  the  pre-61acial  and,  perhaps, 
early  Glacial  land  stood  much  higher  with  respect  to  the  sea-level 
than  at  present. 

When  the  Boulder-day,  and  in  some  cases  the  sand,  is  cleared 
from  the  surface  of  the  rock,  when  this  is  of  hard  compact  stone, 
strisB  are  pretty  sure  to  be  found,  having  usually  a  north-westerly 
trend,  but  with  considerable  variation  and,  in  most  cases,  divergent, 
or  even  in  some  cross,  striations.  At  Little  Crosby  the  surface  of 
the  rocks  was  so  ice-d rested  that  the  mason  who  erected  the  villa^ 
cross  thought  it  unnecessary  to  chisel  the  top  surface,  upon  which 
at  the  present  moment  deep  and  fine  ice  striaa  are  to  be  observed.^ 
Extending  our  observations  beyond  the  immediate  neighbourhood  c»f 
Liverpool,  we  find  along  the  Welsh  coast  as  far  as  Nevin,  in 
Carnarvonshire,  a  similar  assemblage  of  rocks  and  shells  occurring 
in  the  Low-level  Boulder-clays  and  Sands,  intermixed  to  a  greater 
extent  with  local  rocks.  These  de]X)6its  show  in  some  cases  decided 
evidences  of  stratification.  In  addition  to  local  differences  in  the 
clays  the  Welsh  Low-level  Marine  Boulder-clays  rest  generally 
on  another  clay,  which  I  call  "  till,"  which  is  distinguished  by  its 
assumption  of  the  colour  of  the  local  rocks  from  which  it  is  derived 
and  on  which  it  rests,  and  the  absence  of  shells  and  far-travelled 
erratics. 

This  deposit  bears  a  relation  to  the  orography  of  the  country,  and 
is  present  in  greatest  force  in  the  hilly  and  mountainous  districts, 
where  it  can  be  traced  in  stream  courses  far  up  the  valleys.  The 
boulders  are  of  rocks  ])eloii^iiig  to  the  immediate  watershed,  and 
are  found  both  rounded  anil  striated,  anovular  and  subangular.  In 
the  case  of  the  larjj^er  valleys  like  the  Vale  of  Clwyd,  the  marine 
drift  })enetrate8  further  inland,  but  even  at  Khuddlan  it  is  seen  to 
rest  otj  a  more  local  clay.^  These  marine  deposits  are  in  some  cases 
continuously  connected  with  the  High-level  Shelly  Drifts,  which 
occur  at  from  1,000  to  1,200  feet,  as  in  the  range  of  hills  extending 
from  Miriera  to  Llan<!;()llen.^  This  connection  may  be  traced  from 
liuabon  tip  to  the  Hi^h-level  sands  just  mentioned  ;  also  up  the 
course  of  the  l^iver  Alyn  from  its  mouth  to  its  source,  and  a^ain 
down  the  continuing  Vale  of  Afon  Chwiter  by  Caerwys  to  the  Vale 
of  Clwyd.  In  this  connection  it  has  been  necessary  here  to  mention 
the  continuity  of  the  Low-level  and  High-level  Drifts,  though  I  shall 
have  to  recur  again  to  the  latter. 

To  the  eastward  the  Marine  Boulder-clays  are  traceable  to 
Macclesfield,  where  they  occur  at  a  level  of  about  600  feet  in  what 
are  known  as  the  Cemetery  beds,  and  an  outlying  and  well-known 
deposit  of  shelly  sand  and  gravel  is  found  near  the  "Setter  Dog" 
at  a  level  of  about  1,200  feet.* 

*  I  had  the  pleasiirt'  of  gliowinjr  tliis  to  several  well -known  jri^oloprist^  during  an 
excursion  of  Section  ('  of  the  hrilish  Association — Tiivtrpool  meeting,  189ti. 

-  See  "  GeoioL'y  of  the  Vale  of  Clwyd"  (McKenny  Hughes):  ProeeHlings  of 
ChestiT  Society  of" Natural  Science,  No.  3.  Also,  "  Drifts  of  the  Vale  of  Clwyd"  : 
Q.J.(x.S.  1887,  p.  80. 

^  Mackintosh,  Q.J.G.S.,  vol.  xxxviii,  p.  184. 

*  Prestwich,  R.  D.  Darbishire,  Geol.  Mao.  1865,  p.  293. 
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Tracing  the  extension  of  the  Low-level  Marine  Boulder-clays 
and  Snnds  northwards,  we  find  them  typically  developed  at  Blackpool 
in  the  well-known  cliflf  section  first  described  by  Mr.  Binney.  They 
can  be  seen  along  the  coast  of  Morecambe  Bay  by  Grange,  at 
Rampside  opposite  Walney  Island,  and  very  greatly  developed  from 
Kaven glass  to  St  Bees  Head.  All  the  low-level  a<ljoining  country 
inland  is  occupied  with  them,  and  this  marine  drift,  in  which  shells 
can  be  found,  is  extensive  and  widespread. 

Turning  now  to  Scotland,  we  are  taught  by  the  very  excellent 
work  of  Mr.  John  Smith,  of  Kilwinning/  that  a  large  part  of 
Ayrshire  is  covered  with  similar  shelly  Houlder-clays,  and  he  has 
traced  them  up  in  continuous  sections  from  tlie  sea- level  to  a  height 
of  1,061  feet  at  Dippal.  These  deposits  I  have  myself  examined 
with  him,  and  was  much  struck  by  their  continuity  and  regular 
stratification,  no  less  than  with  the  wonderful  [jreservation  of  the 
shell  fragments  and  shells,  both  often  possessing  their  epidermis 
unabraded.  These  beds  constitute  a  really  massive  formation,  oft«n 
presenting  sections  80  feet  high  through  the  lateral  denudation  of 
the  River  Ayr.  The  Boulder-clay  in  which  they  are  preserved  is 
tough  and  dry  below  the  weathered  surface,  so  that  the  shells  may 
by  a  little  trouble  be  got  out  of  the  solid  clay ;  in  fact,  Mr.  Smith 
informs  me  that  in  all  his  fifty  recorded  localities  he  has  obtained 
his  specimens  in  this  way.  Though  rubbed,  polished,  and  striated 
shells  occur  in  places,  the  shells  as  a  rule  are  much  better  pre- 
served than  with  us.  The  boulders  in  the  Drift  consist  to  the 
greater  extent  of  local  rocks  of  the  respective  watersheds,  mixed 
with  some  Highland  schists.  In  the  valley  of  the  Girvan  Water, 
Loch  Doon,  granite  blocks  up  to  a  large  size  are  common,  and  they 
also  extend  further  south.^ 

The  area  worked  by  Mr.  Smith  covers  tens  of  square  miles,  and 
I  have  no  doubt  that  the  deposits  south  of  his  recorded  examples 
are  largely  of  the  same  nature.  In  proof  of  this  I  may  mention 
that  I  discovered  shelly  Boulder-clay  containing  Loch  Doon  granite 
boulders  and  striated  grits  in  a  small  exposure  in  the  banks  of 
Byne  Hill  Burn,  about  two  miles  south  of  Girvan,  and  120  feet 
above  the  sea-level.  The  clay  was  identical  in  character  with  that 
at  Muirkirk  which  I  examined  with  Mr.  Smith,  and  the  shells  pre- 
served their  epidermis.  Mr.  J.  W.  Davies,  F.G.S.,  and  I  afterwards 
found  fragments  of  shells  at  several  places  in  the  drift  cliffs 
between  Bennan  Head  and  Girvan ;  also,  at  a  level  of  280  feet 
we  found  some  shell  fragments  and  a  small  Turritella  in  the  drift 
of  Byne  Hill  Burn,  south  of  the  place  where  the  shelly  Boulder- 
clay  occurs.  This  is  rather  remarkable,  as  Mr.  Smith  tells  me  he 
hns  found  no  Turritell  in  any  of  his  Boulder-clay  localities  in 
Ayrshire. 

From    my   observations   I   am   satisfied   that   here  we  have  an 

'  '*  On  the  Discovery  of  Marine  Shells  in  the  Drift  Series  at  High  LeTels  in 
Ayrshire  "  :   British  Association,  Section  C,  Liverpool  Meeting,  1896. 

-  The  Baron's  Stone  of  KiUochan  is  a  well-known  example,  and,  according  to 
Geikie,  contains  480  cuhe  feet. 
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area  of  shelly  marine  Boulder-clay,  with  sand  and  gravel  beds 
of  great  combined  thickness,  extending  from  sea-level  to  1,061  feet, 
%vith  a  possible  higher  development  of  several  hundred  feet,  and 
in  no  sense  can  these  high-level  drifts  be  called  *< sporadic"  de- 
posits. Tliey  are  one  and  the  same  thing  with  the  Low-level  Boalder- 
clay  and  Sands,  with  the  stratification  more  highly  developed. 

These  Ayrshire  high-level  shells  have,  in  the  majority  of  oases, 
been  taken,  not  from  sand  and  gravel  beds,  but  from  the  Boulder- 
clay,  and  in  that  respect  they  are  most  important  and  unique.  In 
the  first  discovered  and  classical  example  of  Moel  Trj'faen  the 
shells  are  found  in  sands  and  gravels  at  a  maximum  level  of  1,400 
feet*;  at  Moel-y-Crio,*  Flintshire,  in  sands  and  gravels  at  982  feet; 
on  the  range  of  hills  from  Minera  to  Llangollen,  first  discovered 
by  Mr.  Daniel  Mackintosh,  from  1,000  to  1,200  feet;  also  in  sands 
and  gravels  at  Gloppa,  near  Oswestry,  at  1,100  to  1,200  feet, 
described  by  Mr.  Nicholson';  in  stratified  beds  of  sand  and  gravel, 
about  100  feet  thick ;  at  the  "  Setter  Dog "  before  mentioned, 
near  Macclesfield,  discovered  by  Prestwich,  also  in  sands  and 
gravels,  at  a  level  of  about  1,200  feet.  In  fact,  before  Mr.  Smith's 
discoveries  in  Ayrshire,  the  whole  of  the  known  shelly  drifts  were 
classified  as  High-level  Shelly  Sands  and  Gravels.*  Curiously 
enough,  in  the  sister  island  the  High-level  Shelly  Drifts  discovered 
by  the  Rev.  Maxwell  Close  were  in  gravelly  sand,  the  prepon- 
derating rock  being  Carboniferous  Limestone.  Here,  however, 
these  drifts  can  be  traced  continuously  up  the  valleys  from  sea-level 
to  their  highest  development  on  the  Three  Rock  Mountain.* 

There  are  also  to  be  found  in  many  localities  shelly  drifla  at 
intermediate  levels,  and  sometimes  well  developed.  Dr.  Charles 
Callaway  has  lately  described  those  of  Shropshire,  in  a  paper  read 
before  the  British  Association,  Liverpool  Meeting,"  in  which  he 
arrives  at  pretty  much  the  same  conclusions  with  regard  Xq  them 
that  I  do  myself. 

Before  the  Ayrshire  deposits  were  discovered,  it  seemed  some- 
what of  a  mystery  why  the  High-level  Shelly  Drifts  should  be 
so  commonly  sands  and  gravels,  for  these  materials  are  obviously 
less  calculated  to  preserve  the  marine  calcareous  exuvisB  than  clay. 
In  the  case  of  the  Dublin  and  Wicklow  High-level  Drifts,  this 
may  be  accounted  for  by  the  enonnous  quantity  of  limestone  gravel 

*  These  deposits  have  been  often  visited  and  described,  but  the  most  detailed 
account  of  them  will  be  found  in  the  Proceedings  of  the  Liverpool  Geological 
Society,  Session  1892-3. 

2  Memoirs  of  Geol.  Survey — Mold,  Flint,  and  Ruthin,  p.  139. 
5  Q.J.G.S.  1892. 

*  Marine  shells  are  recorded  from  Bacup,  Lancashire,  800  feet  above  sea-level, 
which  appear  to  have  come  from  Boulder-clay.— H.  Bolttm,  Trans.  Manchester 
Geol.  Soc,  vol.  xxijpp.  574-6.     See  also  Itoeder,  ibid.,  607-19. 

*  **  Dublin  and  Wicklow  Shelly  Drift":  Proc.  Liverpool  Geol.  Soc,  Session 
1893-4.  Mr.  Joseph  Wright,  F.G  S.,  records  the  occurrence  of  marine  Bould*r- 
clav  in  Divis,  co.  Antrim,  at  between  1,300  and  1,400  feet.— Proc.  Belfast  Xat. 
Field  Club,  1894-5  (2),  iv,  pp.  215-6. 

"  **  Notes  on  the  Superficial  Deposits  of  North  Shropshire"  :  Geol.  Magazine, 
N'ovember,  1896,  p.  48*2. 
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present.  The  water  percolating  through  this  calcareous  deposit 
would  no  doubt  soon  get  charged  with  lime,  so  that  the  acids  would 
be  neutrah'zed  and  incapable  of  acting  upon  the  shells.  Be  this 
as  it  may,  I  observed  in  many  places  delicate  shells  in  all  stages 
of  decomposition,  and  so  friable  that  under  ordinary  subsoil  con- 
ditions I  have  no  doubt  they  would  have  long  ago  disappeared  in 
solution  and  left  no  trace  behind.  In  the  deposits  at  Gloppa  and 
Tryfaen  the  shells  and  shell  fragments  are  of  a  much  stronger  type, 
and  appear  to  have  become  in  many  cases  partially  hardened  and 
fossilized,  as,  indeed,  is  often  the  case  with  our  Low-level  Boulder- 
clay  shells.  On  Tryfaen  also  there  formerly  existed  a  protective 
covering  of  Boulder-clay  lying  on  the  sands  and  gravels. 

The  subject  I  have  ventured  to  deal  with  in  this  address  is  a  very 
wide  one ;  it  has  been  studied  by  many  minds  in  many  countries, 
and  after  fifty  years  of  work  perhaps  there  is  less  theoretical  agree- 
ment now  than  there  was  in  the  beginning,  although  I  think  I  see 
signs  that  a  development  of  the  older  ideas  is  gaining  ground.' 
I  venture  to  think  that  the  questions  that  have  arisen,  and  which 
will  arise  in  the  future,  are  essentially  of  a  character  in  which 
inductive  methods  are  required  for  their  solution.  Whichever  view 
is  taken,  whatever  theory  propounded,  there  are  many  facts  known 
to  working  geologists  which  do  not  range  themselves  under  any 
one  hypothesis.  Of  late  years  there  has  been  a  tendency  to  aim  at 
almost  mathematical  precision  in  the  explanation  of  laws  which  are 
supposed  to  govern  these  Ice-Age  phenomena.  To  my  mind,  the 
facts  which  I  have  been  collecting  for  the  last  quarter  of  a  century, 
having  seen  the  whole  of  the  leading  examples  of  High-level  Shelly 
Drifts  in  Great  Britain  and  Ireland,  as  well  as  made  a  detailed  stU'ly 
of  the  most  prominent  of  them,  together  with  the  Low-level  Shelly 
Boulder-clays  and  Sands  over  large  areas,  as  also  the  essentially 
glacial  and  land-ice  phenomena  of  the  Welsh  and  Cumbrian 
Mountains,  lead  me  to  think  that,  the  precise,  deductive,  and 
dogmatic  method  so  much  in  vogue  is  ill  adapted  to  evolve  truth 
from  these  varied  and  often,  apparently,  contradictory  facts.  For 
my  own  part  I  feel  that  I  have  gained  by  my  observation  and 
.  studies  a  certain  little  space  of  sure  ground  on  which  to  place  my 
lever,  but  I  confess  with  sorrow  that  there  are  many  points  on 
which  my  judgment  is  less  sure  than  it  was  in  the  first  few  years 
of  study. 

Let  us  first  deal  with  what  appears  to  be  the  axiom  of  a  certain 
class  of  glacialists,  for  it  is  interesting  to  observe  that  even  thowe 
who  favour  the  land-ice  as  opposed  to  subaqueous  theories  differ 
considerably  among  themselves.  This  axiom  is,  that  all  the  shells 
and  shell  fragments  found  in  either  the  Low-level  or  High-level 
Drifts  are  "  boulders,"  that  is,  they  have  been  removed  from  their 
original  habitat  and  carried,  to  the  places  where  they  are  found, 
whether  at  high  or  low  levels,  whether  on  the  coast  or  far  inland ; 
furthermore,  the  carrying  agent  or  pushing  agent,  as  the  case  may 

*  Professor  Bonney  has  lately  given  an  excellent  r6sum6  of  the  whole  subject  in 
his  interesting  book,  *'  Ice- Work,  Present  and  Past.*' 
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be,  was  land  ice.  In  proof  of  this,  the  fragmentary  character  of 
the  shells,  their  worn  appearance,  and  the  occasional  strin  found 
upon  them,  are  adduced. 

I  am  far  from  alleging  that  the  fragmentary  character  of  the 
shells  presents  no  difficulty,  for  I  distinctly  pointed  it  out  in  my 
earlier  writings.  But  do  not  the  opponents  of  the  marine  origin  of 
the  Shelly  Drifts  however,  make  too  much  of  it?  Anyone  who  will 
take  the  trouble  to  examine  a  gravelly  beach  at  the  present  day 
will  find  a  preponderantly  large  assortment  of  shell  fragments  as 
compared  with  perfect  valves ;  he  will  also  find  them  much  worn 
and  rounded  at  the  edges,  and  seldom  will  he  see  any  epidermis 
preserved.  Dredgings  of  the  sea-bottom  also  often  bring  up  remains 
of  broken  and  rounded  shells,  so  that  if,  in  addition  to  the  ordinary 
agencies  of  waves  and  tides  shore-ice  were  introduced,  the  pounding 
of  this  mill  would,  as  Sir  Wm.  Dawson  informs  me  is  at  present  the 
case  in  the  St,  Lawrence,  work  destruction  even  on  the  living  shells.^ 

I  have  pointed  out  that  in  our  Low-level  Boulder-clays  of  the 
north-west  of  England  the  fragments  as  a  rule  are  minute  enough 
to  be  carried  about  by  marine  currents,  in  which  case  they  may  be 
looked  upon  as  '*  boulders  *'  without  the  intervention  of  land-ice. 
Perfect  valves  are,  however,  found,  and  TurritellcB  are  very 
frequently  perfect ;  also  small  Gasteropods,  such  as  Trophon 
iruneatns  and  FusttSf  are  in  perfect  preservation.  At  Gloppa,  as 
Mr.  Nicholson's  collection  shows,  there  are  many  very  perfect 
specimens  and  a  wide  range  of  species.  I  have,  however,  pointed 
out  again  and  again  that  negative  evidence  is  pretty  sure  in  the  end 
to  prove  fallacious.  In  Natural  Science'^  (1893)  I  urged  that  the 
High-level  Shelly  Dritts,  so  far  from  being  '* sporadic"  examples, 
which  some  had  contended,  were  simply  limited  by  the  difficulty  of 
observation,  the  known  sections  having  only  been  exposed  by 
artificial  excavations,  which  are  not  often  required  in  these  out-of- 
the-way  localities.  I  was  not,  however,  prepared  for  such  a 
tremendous  demonstration  of  the  possibility  of  natural  sections 
exposing  shelly  drift  having  been  overlooked  by  geologists  as  those  in 
Ayrshire  appear  to  have  been.  It  is  a  striking  demonstration  of  the 
truth  that  things  that  are  not  expected  to  be  found  are  not  looked  for. 
The  strifie  on  the  rocks  of  Ayrshire  work  out  in  a  north-westerly 
direction  from  Loch  Doon,  turning  more  to  the  westward  as  they 

*  Siuc'o  this  was  written  I  have  had  the  pleasure  of  reading  Sir  Wm.  Dawson*8 
*' Canadian  Ice  Age"  (Montreal,  1893),  which  renders  clear  many  phenomena 
I  have  «)])served  in  Hritaiu  on  which  I  could  previously  only  surmise. 

^  The  following  is  the  substance  of  what  I  siiid:  — "  In  working  out  this  objection 
the  aui)p(»r1ers  ot  the  Irish  Sea  Glacier  unconsciously  minimise  the  quantity  of 
High-level  Shelly  Drift ;  there  is  mucli  more  in  existence  than  they  have  j>ersuaded 
thems(dves  to  believe.  There  is  no  occasion  for  me  to  name  the  localities  over 
again,  as  I  have  stated  them  at  tlie  commencement  of  this  paper.  Again,  it  can 
hardly  bo  expect^^-d  that  all  High-level  deposits  laid  down  by  the  sea  should  contain 
shells,  and  further  it  is  unphilosophical  to  assume  that  all  High-level  drifts  bare 
been  discovered.  Their  discovery  has  generally  been  in  the  nature  of  an  accident 
I  fear  the  advocates  of  the  Irish  Sea  Glacier  are  continually  forgetting  how  difficult 
it  is  to  prove  a  negative,  and  unfortunately  the  arguments  are  too  frequently  of  the 
negative  kind." — Natural  Science^  vol.  iii,  p.  430,  1893. 
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approaoh  the  Clyde.^  The  distribution  of  Loch  Doon  granite 
follows  much  the  same  direction ;  hence  it  was  inferred  that 
the  body  of  the  drift  travelled  outwards  from  the  land  and 
consequently  could  not  be  sea-borne.'  This,  together  with  the 
▼ery  few  recorded  examples  of  shelly  drift  in  the  South  of 
Scotland,  the  highest  being  that  of  Airdrie,'  and  the  previously 
expressed  opinions  that  the  Scotch  "  Till  *'  was  the  result  of  land-ice 
stifled  observation.^  It  was  only  by  the  acumen  and  industry  of 
Mr.  John  Smith,  of  Kilwinning,  within  the  last  year  that  these 
enormous  stratified  beds  at  levels  up  to  1,061  feet  have  been  proved 
to  contain  in  the  Boulder-clay  beds,  shells  often  well  preserved  with 
the  epidermis  intact :  a  discovery  of  the  utmost  importance,  to  be 
welcomed  as  throwing  much  light  upon  some  obscure  points. 

We  naturally  ask  ourselves  why  are  the  High-level  shelly  beds  in 
Ayrshire  constituted  of  Boulder-clay,  while  those  of  England,  Wales, 
and  Ireland  are  of  sand  and  gravel  ?  Alter  carefully  examining  all 
the  leading  examples,  the  natural  explanation  that  presents  itself  to 
me  is  a  very  simple  one,  viz.  the  form  of  the  ground  where  they  occur. 

In  England  and  Wales  the  High-level  Shelly  Drifts  are  on  the 
summits  of  hills  or  ranges  where  there  is  either  little  material  for 
the  manufacture  of  clay,  or  the  orographic  position  renders  it 
unsuitable  for  the  deposition  of  fine  muds.  In  Ireland  the  presence 
of  limestone  gravel  in  large  volumes  tells  the  same  story,  but  in 
Ayrshire  the  High-level  Shelly  Boulder-clays  near  Muirkirk  occur  in 
a  wide  embayment  or  plateau,  surrounded  by  higher  land  in  which 
the  deposit  of  fine  material  derived  largely  from  the  Carboniferous 
rocks  might  readily  take  place.  There  are  together  with  local  rocks 
Highland  schists  found  in  the  Drift,  and  these  may  most  readily  be 
accounted  for  by  floating-ice.  The  very  considerable  difficulty  in 
assenting  to  the  necessary  convolutions  and  diverse  tracks  uf  an  ice- 
sheet  or  sheets,  varied  in  direction  and  volume  from  time  to  time  to 

1  See  Memoirs  of  the  Geolo^cal  San'ey  of  Scotland,  Explanation  of 
Sheet  7,  p.  14. 

*  In  the  "  Scenery  of  Scotland"  (second  edition),  hy  Sir  A.  Geikie,  a  Drift  map 
is  puhlished  in  which  the  only  shelly  drift  shown  between  the  Clyde  and  the  lri»h 
Sea  is  in  the  extreme  south-west  corner  of  Scotland.  It  is  evident  from  this  that 
the  important  shelly  drifts  of  Ayrshire  were  unknown  at  the  time  of  publication. 

*  Mr.  Dugald  Bell,  previous  to  the  discoveries  of  Mr.  Smith  in  A}T8hire,  threw 
such  doubts  upon  the  recorded  instances  of  the  occurrence  of  shells  in  the  Drift  of  the 
South  of  Scotland  that  the  stock  example  of  ChapelhuU,  near  Airdrie,  which  wits 
supposed  to  prove  a  submergence  of  about  500  teet,  was  omitted  in  the  last  edition 
of  Dr.  James  Geikie^s  wefl-known  '*  Ice  Age."  A  committee  with  Mr.  Dugald 
Bell  as  a  member  re-examined  the  locality,  with  a  result  entirely  negative.  This  is 
only  another  instance  of  the  futility  of  negative  evidence,  for,  as  we  see,  not  long 
afterwards  evidence  of  the  most  conclusive  sort  of  the  presence  of  sea-shells  in 
natural  sections  open  to  the  world  were  found  in  Ayrshire  up  to  double  the  height. 
See  "  The  Great  Ice  Age  and  Submergence,"  by  Dugald  BeD,  Gbol.  Mag.,  Dec.  IV, 
Vol  II,  p.  322. 

*  In  a  paper  read  before  the  Geological  Society  of  Glasgow,  April,  1880,  and 
published  in  its  Transactions,  vol.  vi,  pt.  2,  pp.  264-276,  I  stated  my  opinion  that 
the  Scotch  Till  and  the  Low- level  Marine  Boulder-clay  of  Lancashire  are  continuous, 
and  that  some  of  the  unfossiliferous  Scotch  Till  had  probably  been  formed  under 
glaciers  where  they  debouched  into  the  sea.  This  is  rendered  fur  more  probable  now 
that  we  know  that  the  mui  of  the  Scotch  Boulder-clay  is  marine. 
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meet  tbe  exigencies  of  the  latest  discoveries,  are  immeasurably 
iQoreased  when  we  attempt  to  explain  these  Muirkirk  shelly  deposits 
on  that  system.  The  great  bulk  of  materials  enclosed  in  the  Drift  of 
Ayrshire  has  worked  outwards  and  downwards,  as  might  be  expected 
in  a  world  governed  by  gravitation.  This,  I  conceive,  is  the  true 
explanation,  taken  together  with  the  wider  area  on  which  denuding 
agents  could  work,  of  the  presence  of  Boulder-clay  covering  the 
country  in  large  sheets  at  low  levels. 

Those  who  from  their  studies  of  glacial  phenomena  have  been 
led  to  look  upon  land-ioe  €is  the  almost  exclusive  agent  in  the 
manufacture  and  distribution  of  glacial  deposits,  ask  those  who  are 
in  favour  of  the  sea  origin  of  a  large  portion  of  these  deposits  to 
point  out  in  all  beds  classed  as  marine,  marine  exuvisa,  and  if  they 
cannot  do  so,  consider  it  fatal  to  the  submergence  theory. 

Is  not  this  an  extravagant  demand  to  make,  for  it  is  really  only 
under  exceptional  conditions  that  such  organic  remains  are 
preserved?  Destruction  was  everywhere  going  on  from  the  time 
of  the  existence  of  these  molluscs  in  the  icy  and  stone-laden  seas  to 
that  in  which  they  have  been  exposed  to  destruction  and  dissolution 
by  percolating  acidulated  waters  when  these  beds  became  exposed 
to  subaerial  influences.  We  have  seen  that  where  the  matrix  in 
which  these  organic  remains  are  entombed  is  of  a  non-porous  and 
dry  character,  like  much  of  the  Boulder-clay  of  Ayrshire,  the 
remains  are  preserved  even  to  the  epidermis.  There  is  also  the 
example  of  Clava  in  Nairn,  which  the  Committee  of  the  British 
Association  appointed  to  investigate  pronounced  to  be  a  shell-bed 
tit  «t7t2,  resting  upon  36  feet  of  coarse  gravel  and  sand,  and  overlaid 
by  63  feet  of  Boulder-clay  and  sands,  showing  a  submergence  of  the 
land  to  the  extent  of  500  feet. 

Again,  if  we  look  broadly  at  the  distribution  of  these  slielly 
deposits,  we  find  that  they  occur  all  round  our  maritime  coasts  in 
Lancashire,  Cheshire,  and  Wales,  in  Cumberland  and  Westmore- 
land, Wigtownshire  and  Ayrshire,  and  along  the  eastern  coasts  of 
Ireland.  The  same  is  to  be  said  of  the  eastern  coasts  of  England 
and  Scotland.  Is  it  probable  that  land-ice  would  so  universally 
work  from  the  sea  towards  the  land  ?  Are  we  to  explain  the 
presence  of  sea-shells  imbedded  in  Boulder-clay  up  to  1,061  feet  in 
Ayrshire,  25  miles  distant  from  the  coast  in  a  bee-line,  by  a  great 
glacier  proceeding  from  the  Atlantic,  crossing  Cuntire  and  the  Firth 
of  Clyde,  and  working  25  miles  inland,  when  the  travel  of  the 
material,  excepting  as  regards  some  Highland  schists,  has  been  in 
the  opposite  direction?*  I  confess  that  my  education  in  the 
principles  of  Button  and  Lyell,  and  my  own  natural  mode  of 
thought,  make  me  averse  to  such  dmfts  upon  our  scientific  imagina- 
tion, when  there  is  a  simple  and  direct  explanation  close  at  hand. 
It  was  well  observed  by  Playfair,  some  90  years  ago.  that  "  a 
theory  that  explains  everything  explains  nothing."^     May  we  not 

*  See  Memoir  of  Geol.  Survey,  Scotland,  Explanation  of  Sheet  7. 

*  **  Illustrationa  of  the  liuttonian  Theory.*' 
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apply    this   excellent  saying   to   the   exaggerated   form    in    wliioh 
land-ioe  theories  are  often  presented  to  us? 

The  phenomena  of  the  Glacial  Period  in  Britain  contain  some 
of  the  most  interesting  problems  it  has  yet  been  the  lot  of  geologists 
to  attempt  to  solve.  It  therefore  behoves  us  to  approach  tho 
subject  in  a  spirit  of  humility.  That  such  varied  explanations  have 
been  proffered  from  time  to  time,  that  most  contradictory  con- 
clusions should  be  drawn  from  well  -  ascertained  and  generally 
acknowledged  facts,  is  curious  and  somewhat  depressing.  There 
is,  however,  this  reflection  to  comfort  us  :  however  strange,  however 
contradictory,  however  devoid  of  common-sense  the  various  expla- 
nations and  theories  of  the  Glacial  Period  appear  to  the  various 
observers  and  reasoners  upon  them,  the  total  efiect  is,  like  that  of 
the  hypothetical  Ice-Sheet,  a  push  forward.  Without  opposition, 
observation  stagnates,  so  that  the  first  effect  of  enthusiasm,  even 
if  directed  in  lines  that  afterwards  prove  to  be  mistaken,  is  to 
advance  the  science  we  love  so  well.  Even  if  a  theory  be  utterly 
false,  it  may  prove  of  great  educational  value,  for,  until  every 
possible  line  of  reasoning  has  been  traversed,  secure  ground  cannot 
be  reached. 


IV. —On  Quartzite  Lbntiolbs  in  the  Sohists  op  South-Eastebn 

Anolkset.^ 

By  Edward  Grbexlt,  F.G.S. 

THE  prevailing  type  of  schist  in  the  south-east  of  Anglesey,  for 
some  miles  to  the  north  and  north-west  of  Beaumaris,  is  a  wavily 
foliated,  pale-green,  chloritic  rock,*  the  quartz  in  which,  though  more 
abundant  than  appears  at  first  glance,  is  in  a  very  fine  state  of 
subdivision.  In  a  common  variety,  especially  prevalent  about 
Llanddona,  quartz  forms  nearly  the  whole  of  the  rock,  but  it  is 
still  in  very  compact  seams,  separated  by  partings  of  chlorite 
or  mica. 

In  none  of  these  rock-types  can  original  clastic  grains  be  detected 
by  the  naked  eye  or  with  the  hand-lens  ;  but  areas  occur  in  which 
they  contain  great  numbers  of  lenticles  of  quartz,  imbedded  in 
a  finely  foliated  matrix  of  much  finer  quartz  and  chlorite.  Many 
of  these  lenticles  have  the  aspect  and  fracture  of  vein-quartz ;  but 
a  large  number,  and  in  some  areas  almost  all,  are  fragments  of 
true  granular  quartzite,  composed  of  clastic  grains  often  well 
rounded.  The  whole  rock,  indeed,  might  be  termed  a  **quartzite- 
augen-gneiss."  With  a  few  exceptions,  these  fragments  range  in 
size  from  a  quarter  of  an  inch  to  three  feet  across,  but  they  are  apt 
to  be  elongated,  the  axes  being  often  as  8  :  2  :  I.  Very  frequently 
they  are  ellipsoidal  rather  than  lenticular,  the  bounding  curves 
being  continuous  all  round. 

^  An  abstract  of  this  paper  was  read  before  the  British  Association,  Liverpool, 
September,  1896. 

^  There  are  other  green  schists  in  the  same  area,  which  are  probably  of  igneous 
or  pyroclastic  origin. 
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Roond  about  them  the  foliated  matrix  iweeps  in  gmoeful  curvw, 
its  folia  being  Bomeiimes  truncated  against  the  aidtM  of  the  lenlicle 
at  a  low  angle.  Thvre  is  abundant  quartz- vttiniiig  wiihiu  the  l>u<ly 
nf  the  quarizite,  loually  obliterating  the  original  cladtio  texture ;  aiiJ 
near  the  margin  the  qnariE'grains  are  apt  to  be  flattened,  a  faintly 
■chiatose  texture  being  net  up  in  the  mass. 


Lentide  of  qnurtzitc,  3{  feet  in  leaK^h,  in  pR[e-Errc€ii  ichiaC,  cantainiog  many  small 
li'nticlee.     Llansaditni. 

Viewed  as  a  whole,  the  structures  reminded  me  etrongly  of  those 
ill  ths  niylonites  at  the  Moiiie  thrust  in  the  North-West  Highlands 
of  Scotland,  except  that  the  lenticular  fragmenta  in  tbe  latter  are 
generally  (bo  far  as  I  have  niyaelf  seen)  portiona  of  coarse  felspalhio, 
gneisaoid,  or  granitoid  rucks.  But  a  mylonite,  in  which  the  frag- 
ments were  of  rather  coarse  gritty  sediment,  would,  if  a  certain 
degree  of  crystallization  were  set  up  in  the  matrix,  be  indistingtiisli- 
abla  from  these  schists. 

On  reading  the  paper  by  my  old  colleague  Mr.  Lanip!ii((h 
(Q.J.G.S..  -vol.  li,  ISyS)  on  tbe  "  Cruah.C.HiglomerateB  "  of  llie 
Isle  of  Man,  it  appeared  to  me  that  these  might  yield  fnrtlier  liKht 
still  upon  the  subject.  By  his  kindness  I  have  been  able  to  aliidy 
the  Manx  phenomena  in  several  of  tbe  most  typical  localities,  and 
I  have  but  little  doubt  that  these  East  Anglesey  schists  are 
essentially  "  crush  ■  conglomerates  "  whose  niatrii  (containing 
originally  a  good  deal  of  iion  and  magnesia)  has  becumo  oryrilalline,' 
Even  in  the  rounding  and  elongaiion  of  the  fragments  they  resemble 
tbe  crnah-rocks  of  Uauisey  and  Sulby  Glen.' 

In  the  district  at  present  mapped,  I  have  failed  to  trace  these 
Tocka  into  any  unbroken  sedimentary  series.  But  that  tbe  lenticli'a 
are  ot  truly  cntnclastiu  origin,  and  not  sheared  and  flattened  boulders 
in  a  now  schistose  conglomerate,  is,  I  think,  practically  certain,  from 
the  occurrence  among  them  of  four  masses  of  much  larger  size. 
These  are  the  quartz-rocks  of  I'en-y-piirc,  near  Beaumaris,  which 


'  An  eiplanatifln,  prartirallT  the  8i3ie,  was  applied  bv  Sir  A.  Geihie  and  Mr. 
Poovli  to  snmu  rcH-ks  of  doul)liul  aire  in  the  noi^libourhodd  of  I.langtfni,  Angli^ey. 
(Gtitie,  Vk*.  Addrps3  Uciil.  Siic,  ISi'l,  p.  130.) 

'  1  liave  siwe  Been  ibu  brifflkin?  np  of  a  bnndod  slate  into  rounded  fraftmenls,  on 
a  •mall  ncalc.  tlmugh  terv  inarkeilly,  at  I.Ivn  I'adarn,  Llanlieris.  Mr.  I^niplush, 
however,  !aj-»  Btrtiw,  aud  1  lliink  jnstiv,  nut  sii  miirh  on  tlie  bare  occnrrence  uf  llw 
phvDuuitiiou  as  on  ila  gieut  tKoXu  and  citLUt,  iu  tbe  IsIk  uf  Man. 
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have  been  desoribed  by  Professor  Bonney  and  the  Rev.  J.  F.  Blake. 
The  mass  which  has  been  quarried  is  a  lenticle  of  which  about 
175  X  75  ft  are  clearly  exposed.  Its  truly  sedimentary  character 
has  been  described  by  Professor  Bonney.  Its  greatest  length  is 
probably  not  less  than  700  ft. ;  and  tliere  are  in  addition  three 
smaller  lentioles  a  little  further  east,  whose  longer  axes  are  from 
100  to  200  ft. 

These  great  masses  of  quartzite  can  only  have  been  portions  of 
a  once  continuous  bed  or  beds,^  from  which  they  have  been  torn  out 
and  carried  away,  as  have  been  the  innumerable  masses  of  the 
Cambrian  quartzites  in  the  North-West  Highlands,  of  somewhat 
similar  form,  which  are  piled  up  on  the  minor  thrust-planes  of  that 
region.  Judging  also  from  what  we  see  in  the  Isle  of  Man,  these 
beds  were  probably  the  more  massive  members  of  an  alternating 
series  of  grits  and  shales,  the  thin  and  flaggy  bands  of  grit  having 
furnished  the  material  of  the  smaller  lenticles. 

The  complexity  of  structure  consequent  upon  such  movements  is 
admirably  illustrated  by  the  two  regions  just  quoted ;  especially 
where,  as  in  the  Isle  of  Man,  movement  has  recurred  at  a  later 
period,  superinducing  new  structures,  and  to  some  extent  efiacing 
the  records  of  the  earlier  episodes. 

To  what  extent  this  may  have  happened  in  Anglesey  it  is  at  present 
impossible  to  say;  but  it  seems  probable  that  the  movements  which 
have  affected  the  schistose  rocks  of  that  island  were  of  a  very  high 
degree  of  intensity ;  and  the  structural  relations  of  the  rock- masses 
may  therefore  be  expected  to  be  in  a  corresponding  degree  complex 
and  deceptive. 


V.  —  On  the  Exmoob  Eabthquake   op  Januaby  23,    1894,   and 

ON    ITS    KbLATION    to   THE   JSOBTHEBN    BOUNDABY    FaULT   OF   THE 

MoBTE  Slates. 

By  Chables  Davison,  Sc.D.,  F.G.S.  ; 
King  Edward's  Iligh   School,   Birmingham. 

A  SLIGHT  earthquake  of  intensity  iv,  according  to  the  Rossi- 
Forel  scale,  was  felt  in  and  near  Exmoor  at  about  9  a.m. 
on  January  23,  1894.  Its  interest  lies,  not  so  much  in  the  seismic 
phenomena  presented  by  it,  as  in  its  connection  with  the  northern 
boundary  fault  of  the  Morte  Slates. 

In  studying  this  earthquake,  I  have  been  able  to  avail  myself  of 
56  records  from  48  different  places,  as  well  as  of  13  other  records 
from  13  places  where,  so  far  as  known,  it  was  not  perceived.  The 
names  of  the  observers   and   others   to   whom  I  am  indebted  for 

^  The  appearances  of  irregular  or  intrusive  junction  figured  hy  Professor  Bluko 
are  deceptive,  being  due  to  the  form  of  the  present  outcrop.  Such  discordance  as 
exists  is  not  more  than  that  which  sometimes  occurs  at  the  murgins  of  smaller 
lenticles,  and  may  be  expected  in  any  highly  disturbed  region.  The  relations  ot  this 
mass  of  quartzite  do  not,  I  think,  necessitate  our  rtierriug  its  origin  to  causes  uctiug 
locally  or  sporadically. 
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information  are  given  below/  bat  my  thanks  are  specially  due  to 
the  Kev.  W.  Hook  of  Porlock,  Mr.  A.  L.  Ford  of  Lynton,  and 
Mr.  J.  H.  Barrow  of  Challaoombe,  for  several  additional  records 
wliicli  they  were  kind  enough  to  send  me. 

It  is  possible  that  there  may  have  been  two  preparatory  shocks. 
I  have  only  received  one  record  of  each,  and,  in  accordance  with  the 
usual  rule,  their  occurrence  should  not  be  regarded  as  quite  certain, 
though  they  are  probably  of  seismic  origin:  (I)  January  22, 
about  10  p.m.,  at  Arlington,  a  slight  shock,  with  a  noise  like 
underground  thunder ;  (2)  January  23,  about  8.40  a.m.,  at  Berry- 
iiarbor,  a  series  of  small  waves,  duration  one  second,  intensity  iii, 
preceded  slightly  and  accompanied  by  a  noise  like  that  of  a  heavy 
cart  rumbling  by,  the  shock  and  noise  being  less  intense  than  those 
of  the  principal  earthquake  at  9  a.m.  Both  places  lie  near  the 
north-west  end  of  the  disturbed  area  of  the  latter,  Arlington  being 
close  to  the  southern  boundary  fault  of  the  Morte  Slates,  and  Berry- 
narbor  about  half  a  mile  north  of  the  northern  fault 

Nature  of  the  Earthquake, — Detailed  accounts  of  the  shock  are 
few  in  number,  and,  as  will  be  seen  from  the  map,  observations  of 
any  kind  are  wanting  in  the  epicentral  district  As  a  rule,  the 
shock  consisted  of  a  tremulous  motion,  which  gradually  increased  in 
intensity  and  then  died  away.  This  was  the  case  even  at  Berry- 
narbor  and  Brushford,  which  are  near  opposite  ends  of  the  disturbed 
area.  At  East  Anstey,  the  shock  began  with  a  tremulous  motion 
for  about  three  seconds,  after  which  came  two  prominent  vibrations, 
and  then  a  series  of  gradually  decreasing  vibrations  for  about 
four  seconds.  From  Eastdowne  there  comes  a  somewhat  similar 
observation,  a  tremulous  motion  gradually  increasing  in  iuteiisity 
and  then  as  gradually  dying  away,  and  in  the  middle  two  distinct 


*  AuxnoRiTiBS. — Arlington,  Rev.  T.  de  L.  Sprye ;  Ashford,  Mr.  H.  C. 
Fletcher;  Berryuarbor,  llev.  R.  Churchill;  Bishop's  ^ympton,  Rev.  E.  A.  Lester; 
Bitt^idon,  Rev.'  E.  Braund ;  Bratton  Fleming,  Mr.  J.  H.  Barrow;  Braylord, 
Mr.  J.  Carter;  Breudon,  Mr.  A,  L.  Ford;  Brushford,  Rev.  C.  S.  Barber; 
Burdick,  Mr.  W.  R.  Smyth;  Carhampton,  Rev.  W.  P.  Michell ;  Challacombe, 
Mr.  J.  H.  Barrow,  Mr.  J.  Carter;  Charles,  Mr.  J.  Carter;  Chittlehamptou, 
Mr.  H.  E.  Seymour;  Combmartin,  Rev.  H.  C.  Jeuoure;  Comyn  Hill,  Miss  M. 
Slesser,  Mr.  J.  G.  Wood;  Countisbury,  Rev.  H.  F.  Ramsay;  Cut<?ombe,  Rev.  J.  J. 
Large;  Dulverton,  Rev.  R.  J.  Cullyns;  Ea.st  AmJtey,  Rev.  J.  Owen;  Eastdowne, 
Rev.  R.  II.  Giles;  Exford,  Mr.  A.  L.  Ford,  Rev.' J.  J.  Large,  Rev.  J.  Owen; 
Exton,  Rev.  F.  K.  Warren;  Ford,  Rev.  E.  P.  St^inlev;  Goodleigh,  Mr.  0. 
Mugtord;  Ilawkridge,  Mrs.  Thomas;  High  Bray,  Mr.  J.  Carter,  Rev.  C.  P. 
Whitaker;  Keutisbury,  Rev.  H.  C.  Jenoure ;  Loxhore,  Rev.  G.  0.  Ramsay; 
Lucott,  Rev.  W.  Hook;  Lynmouth,  Mr.  E.  B.  Jeune ;  Lynton,  Rev.  W.  E.  Coi, 
Mr.  A.  L.  Ford  ;  Mariansleigh,  Rev.  A.  Winnitrith  ;  Martinhoe,  Rev.  R.  W.  Oldham ; 
Miuehead,  Rev.  A.  H.  Luttrell ;  Moliand,  Mr.  8.  J,  Case;  Muddiford,  Mr.  T.  li. 
de  Suerin ;  Nethercott,  Rev.  W.  P.  Anderson  ;  Northmolton,  Dr.  Spicer,  Rev.  A. 
Winnitrith ;  Oare,  Rev.  H.  F.  Ramsay;  Parracombe,  Mr.  J.  H.  Barrow  ;  Porlock, 
Rev.  W.  Hook;  Stlworthy,  Rev.  F.  Hancock;  Skilgate,  Rev.  C.  A.  B.  Harris; 
Southraolton,  Mr.  J.  H.  Barrow,  Mr.  A.  L.  Ford,  Rev.  J.  Owen  ;  Stoke  Pero, 
Rev.  W.  Hook;  Tarr,  Rev.  W.  P.  Anderson;  Timberscombe,  Rev.  R.  J. 
Crosswell ;  Trentishoe,  Mr.  J.  H.  Barrow ;  Upcott,  Rev.  W.  P.  Anderson, 
Mr.  Tapp;  West  Buckland,  Dr.  Spicer;  Westlandpound,  Mr.  W.  R.  Smyth; 
W^insford,  Rev.  W.  P.  Anderson,  Rev.  J.  J.  Large,  Mr.  A.  Tudhall;  Withypool, 
Mr.  A.  Tudhall ;  Wootton  Courtenay,  Mr.  E.  Brazier. 
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instantaneous  bumps ;  a  sound,  as  of  a  heavy  cart-load  of  iron 
crossing  a  wooden  floor,  grew  and  died  away  with  the  trembling, 
encountering,  as  it  were,  two  large  stones  on  the  way  at  the  instants 
when  the  bumps  were  felt.  At  Challacombe  two  distinct  rumbles 
were  heard  by  one  observer,  without  any  interval  between,  each 
increasing  in  intensity  and  then  dying  away,  the  first  and  louder 
lasting  three  or  four  seconds,  the  second  rather  less.  Lastly,  at 
MoUand  two  rumbles  (like  distant  thunder  or  firing  of  artillery) 
were  heard,  but  in  this  case  there  was  an  interval  of  a  few  seconds 
between  them,  and  it  was  during  this  interval  that  the  only 
perceptible  movement  was  felt. 

Disturbed  Area  and  laoseismal  Lines, — The  two  curves  on  the  map 
represent  the  isoseismals  of  intensities  iv  and  iii  respectively,  the 
latter  forming  the  boundary  of  the  disturbed  area.  The  isoseismal 
III  is  29^  miles  long,  IG^  miles  broad,  and  contains  389  square 
miles.  The  length  of  the  isoseismal  iv  is  22|  miles,  its  breadth 
12^  miles,  and  the  area  included  within  it  228  square  miles.  Both 
curves  are  elongated  ellipses,  and  their  longer  axes  are  parallel, 
being  directed  VV.  22°  N.  and  E.  22°  S.  If  the  earthquake  were 
due  to  fault-slipping,  this  must,  therefore,  be  the  direction  of  the 
fault-line  in  the  neighbourhood  of  the  epicentre. 


««*i««tb««cil 


Map  of  the  Exmoor  Earthquake  of  Jan.  23,  1894.^ 

The  distance  between  the  two  isoseismals  being  1 J  miles  on  the 
north  side  of  the  longer  axis,  and  3  miles  on  the  south,  it  follows 

*  The  places  where  the  shock  was  felt  are  shown  by  small  black  discs ;  a  cross 
drawn  throuiprh  the  disc  means  that  the  sound  was  also  heard  ;  a  cross  alone,  that  the 
sound  was  heard,  no  reference  in  the  account  being  made  to  any  perceptible  vibra- 
tion ;  a  small  circle  marks  the  places  where  the  earthquake  was  not  observed ;  and 
a  cross  drawn  through  a  circle,  a  place  where  the  sound  was  heard,  but  no  shock  was 
ielt. 
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that  tbe  originating  fault  must  hade  to  the  south.  Moreover,  the 
centre  of  the  iHOseismal  iv  lying  half  a  mile  south-west  of  Simons- 
bath  (or  about  5f  miles  west  of  Exford),  the  fault-Hue  must  pass 
a  little  to  the  north  of  this  point,  and  thus  its  position  is  approxi- 
mately determined. 

Origin  of  the  Earthquake, — The  geology  of  the  district  has  been 
studied  recently  by  Dr.  Uicks,  though  the  complete  results  of  his  work 
are  not  yet  published.^  On  the  map  are  shown  by  continuous  Hues 
the  north  and  south  boundaries  of  the  Morte  Slates,  so  far  as  they 
are  given  in  the  papers  referred  to.  The  discovery  of  organic 
remains  in  these  slates  has  led  Dr.  Hicks  to  regard  them  as  the 
oldest  rocks  of  the  district,  the  fossils  in  some  of  the  beds  indicating 
**  an  horizon  low  down  in  the  Silurian  (Upper  Silurian  of  Survey),*' 
while  the  rocks  on  either  side,  though  belonging  to  varying 
horizons,  are  assigned  by  him  to  the  Devonian  period.  **  A  great 
thrust  fault  extends  continuously  along  the  northern  boundary  of 
the  Morte  Slates,  from  the  coast  near  llfracombe  to  the  Exe  Valley. 
Oil  the  south  side  there  is  evidence  generally  also  of  a  well-marked 
fault"     Both  the  faults  hade  towards  the  south. 

Unfortunately,  Dr.  Hicks'  map  does  not  show  the  course  of  these 
faults  more  than  about  two  miles  east  of  Challacombe,  so  that 
they  stop  short  of  the  epicentral  area  of  the  Exmoor  earthquake. 
It  is  evident,  however,  from  its  final  trend,  that  the  northern 
boundary  fault  occupies  very  nearly  the  position  required  by  the 
seismic  evidence.  1'he  dotted  line  on  the  earthquake  map  is  drawn 
so  as  to  continue  the  line  of  fault  in  a  direction  parallel  to  tbe 
axis  of  the  disturbed  area,  and  the  true  position  of  the  fault-line 
Avill,  I  believe,  be  found  to  be  either  along  this  line  or,  more 
probably,  a  little  to  tbe  north  of  it. 

If  the  two  preliminary  tremors  referred  to  above  w^ere  of  seismic 
origin,  the  first  movement  seems  to  have  been  a  slip  along  the 
southern  boundary  fault  in  the  neighbourhood  of  Arlington.  This 
was  apparently  followed,  after  less  than  eleven  hours,  by  a  slip 
along  the  northern  fault,  somewhere  near  Berrynarbor,  and  about 
twenty  minutes  later  by  the  more  marked  but  interrupted  slip 
wliicb  gave  rise  to  tbe  double  series  of  vibrations  of  the  earthquake 
here  described.  That  tlie  length  of  fault  over  which  the  latter 
slip  occurred  was  considerable,  is  evident  from  the  form  and 
dimensions  of  tbe  isoseisnial  lines;  possibly  it  may  have  been  as 
much  as  nine  or  ten  miles.  Whether  tbe  rocks  on  the  north  or 
south  side  of  tbe  fault  were  displaced,  is  not  quite  clear;  but,  if  we 
may  rely  on  tbe  evidence  of  tbe  two  preparatory  shocks,  tbe  more 
j)robable  alternative  is,  that  tbe  Morte  Slates  over  a  length  of  several 
miles  were  forced  bodily  forward  along  the  thrust-plane. 

'  "On  the  Morte  Slates,  and  Afisociated  Beds,  in  North  Devon  and  "West 
Somerset,"  Part  1:  Quart.  Jouru.  Geol.  Soc.,  lii,  1896,  pp.  254  72.  "The 
I'alaozoic  Rocks  of  Webt  Somerbct  and  Xorth  Devon"  :  Proc.  Geol.  Assoc.,  liv, 
1896,  pp.  257-70. 
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Explanation  op  thb  Plan  adopted  for  Prbparinq  an 
"Index  Generum  bt  Spbgierum  Animalium."  By  C.  Davies 
Shbrborn,  F.Z.S.* 

THE  following  description  of  the  work  of  preparing  an  Index 
to  the  generic  and  specific  names  of  animals,  both  recent  and 
fossil,  which  was  commenced  by  the  author  in  July,  1H90,  has  been 
prepared  for  the  Society,  at  the  request  of  Sir  William  Flower, 
Mr.  Sclater,  and  Dr.  Henry  Woodward. 

The  difficulty  of  finding  accurate  and  reliable  lists  of  the  species 
of  any  particular  genus  was  pointed  out  by  Darwin  years  ago,  and 
impressed  itself  so  strongly  on  that  naturalist  that  he  personally 
endowed  the  undertaking  which  we  know  as  the  "Index  Kewensis," 
recently  brought  to  so  successful  a  conclusion  by  Benjamin  Daydon 
Jackson.  In  this  book  of  reference  there  are  some  600,000  generic 
and  specific  names  of  flowering  plants.  The  botanist  has  now 
a  key  to  the  literature  of  Phanerogams  for  150  years  within  covers, 
and  all  difficulty  in  keeping  pace  with  present  and  future  descrip- 
tions of  new  phanerogamic  plants  has  been  removed. 

It  is  quite  otherwise  with  zoological  generic  and  specific  names. 
Agassiz,  Marshall,  Scudder,  and  others  have  partially  catalogued 
the  genera;  Waterhouse  has  listed  the  genera  of  birds;  H.  G.  Bronn, 
John  Morris,  and,  more  recenth',  R.  Etheridge,  have  provided  lists 
of  fossil  species.  But  no  one  book  including  references  to  all 
names  that  have  been  given  to  fossil  and  recent  animals  has  yet 
been  attempted.  The  vastness  of  the  record  is  appalling,  but  given 
time  all  difficulties  disappear. 

The  work  now  commenced  by  the  German  Zoological  Society, 
which  was  described  before  this  Society  at  a  recent  meeting,  and 
known  as  "  Das  Tierreich,"  will  be  familiar  to  all  present ;  and  it 
has  been  suggested  that  a  brief  account  of  the  **  Index  Generum 
et  Speoierum  Animalium "  should  be  put  on  record  in  the  same 
manner. 

In  May,  1890,  a  letter  appeared  in  Nature  and  in  La  Feuille  des 
Jeunes  Naiuraliaies,  from  the  author,  setting  forth  a  scheme  for  the 
compilation  of  such  a  work,  and  inviting  suggestions  for  improved 
details  or  other  matter.  Beyond  friends  interested  at  the  British 
Museum,  those  who  offered  valuable  suggestions  were  David  Sharp, 
Alfred  Newton,  Sven  Loven,  and  Victor  Carus.  It  was,  therefore, 
obvious  that  the  details  were  satisfactory  to  those  interested,  and 
work  was  commenced  on  July  1,  1890. 

Since  that  date  recording  has  steadily  progressed  (circumstances 
have  restricted  the  time  at  disposal  to  an  amount  equivalent  to  three 
years),  and  a  total  of  130,000  slips  have  been  stored  away  in  the 
alphabetical  order  of  genera.  Notices  of  the  progress  of  the  work 
have  appeared  in  Nature^  vol.  xliv,  p.  207  (1891),  and  Natural 
Science,  vol.  iii,  p.  379  (1893),  and  the  manuscript  has  frequently 

»  Proceedings  Zool.  Society,  1896,  p.  610. 
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l>een    referred   to    by  those  in  need  of  information  at   the  British 
Miipeum  and  elsewhere. 

The  followinp;  is  a  reprint  of  the  original  set  of  rules : — 

(1)  The  earliest  reference  is  to  date  from  the  twelfth  edition  of 
Linnaeus,  1766. 

(2)  The  last  reference  to  close  with  December  3*1,  1899. 

(3)  The  names  of  genera  and  species  to  be  given  in  one  alpha- 
betical sequence,  and  accompanied  by  a  reference  to  the  original 
source. 

(4)  The  names  of  species  of  each  genus  to  be  also  quoted  in 
alphabetical  order  under  that  genus. 

(5)  No  attempt  at  synonymy  to  be  given  ;  but,  to  assist  reference, 
the  various  genera  in  which  a  species  has  from  time  to  time  been 
placed  to  be  indicated  under  that  species. 

(6)  Pre-Linnsean  names  to  be  quoted  as  founded  by  the  author 
first  using  them  after  1766 :  e.g.  Echinocorys,  Leske,  1778  (ex 
Klein,  1734).  Should  a  pre-Linnsean  species  or  genus  have  been 
renamed  after  1766,  before  the  post-Linnsean  use  of  that  pre- 
Linnaean  name,  the  new  name  is  to  stand.  [Heferences  will  be 
given  to  Artedi,  Brisson,  and  Scopoli,  in  accordance  with  British 
Association  rules.] 

As  soon  as  the  work  commenced  it  was  found  advisable  to  adopt 
the  tenth  edition  of  the  **Systema"  as  a  starting-point,  instead  of 
the  twelfth.  The  reasons  for  this  adoption  need  not  be  discussed  here; 
the  use  of  the  tenth  edition  is  fast  becoming  universal.  This 
alteration  caused  a  slight  modification  of  several  of  the  proposed 
rules.  At  the  same  time  a  reference  is  also  given  to  the  twelfth 
edition  of  the  '*  Systema,"  as  it  will  be  convenient  to  many  people 
and  will  not  increase  the  number  of  slips  in  any  appreciable  degree. 

Each  genus-name  and  each  species-name  is  recorded  on  a  separate 
slip,  the  original  reference  being  quoted  ;  and  every  time  a  species- 
name  is  transferred  to  a  new  genus  a  separate  slip  is  used,  the 
quotation  including  a  reference  back  to  the  original  genus  in  which 
the  species  was  first  placed. 

Each  slip  is  made  out  in  duplicate — one  set  being  sorted  up  in 
alphabetical  order  of  genera ;  and  a  second  set  being  kept  tied  up  as 
an  index  of  the  contents  of  the  particular  book  quoted. 

References  are  taken  from  one  book  at  a  time — i.e.  a  book  is  gone 
through  from  cover  to  cover — every  genus  and  species,  and  every 
change  of  genus,  being  systematically  recorded  ;  thus  completely 
disposing  of  that  particular  book,  and  ensuring  the  almost  absolute 
certainty  of  every  reference  being  taken.  This  system  proves  far 
more  exact  than  the  recording  of  any  special  gioup  of  animals  at 
one  time.  It  further  permits  of  the  printing  from  type  of  a  reference 
to  that  particular  book  on  each  slip,  and  thus  ensures  the  absolute 
accuracy  of  the  reference  with  the  sole  exception  of  the  page.  The 
entries  are  made  in  black-lead  pencil  and  black  or  blup  carbon  paper 
— both  methods  having  proved  to  he  quite  indelible. 

A  particular  paper  has  been  chosen,  known  as  *'  white  rope," 
which  presents  the  requisite  stiffness  for  an  edge-on  arrangement 
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of  slips,  the  toughness  necessary  for  constant  handling,  a  surface 
equally  convenient  for  pencil  and  carbon  paper,  and  a  cheapness  of 
1«.  2d.  per  1000  slips.     The  size  of  slip  employed  is  127  x  63  mm. 
(6  X  2^  inches). 
Nomina  nuda  are  distinguished  by  the  letters  [n.  n.]. 
Nomina  nuda  accompanied  by  figures  by  the  letters  [n.  et  /.]. 
In  those  cases  where  an  author  lias  described  and  figured  a  species 
some  time  after  printing  his  nomen  nudum,  a  reference  is  also  given 
to  the  nomen  nudum,  when  possible. 

Particular  attention  has  been  paid  to  the  date  of  publication  of 
books,  periodicals,  and  serials.  This  is  a  part  of  the  work  which 
demands  considerable  time  and  patience,  but  the  results  obtained 
fully  justify  the  labour.  The  more  important  results  as  to  dates 
already  arrived  at  and  published  are : — 

Pallas,  P.  S.,  Icones  Insect.  (See  Annals  Mag.,  ser.  6,  vii,  p.  236, 
1891.) 

Pallas,  P.  S.,  Nov.  spec.  Glir.    (See  Annals  Mag.,  ser.  6,  vii,  p.  236, 
1891.) 
Schreber,  J.  C.  D.,  Saugthiere.     (See  Proc.  Zool.  Soc.  1891,  p.  687.) 
Sowerby,  Genera  Recent  Shells.     (See  Annals  Mag.,  ser.  6,  xiii, 
p.  370,  1894.y 

Encyclopedic  Methodique.     (See  Proc.  Zool.  Soc.  1893,  p.  682.) 
Jardine  and  Selby,  Illustr.  Ornith.     (See  Ibis,  1894,  p.  326.) 
Moore,  F.,  Lepidopt.  Indica.     (See  Annals  Mag.,  ser.  6,  xi,  1893, 
p.  260,  and  ser.  6,  xiv,  1894,  p.  464.) 

Siebold,  P.  F.  von.  Fauna  Japonica.  (See  Proc.  Zool.  Soc.  1895, 
p.  149.) 

The  date  of  publication  of  a  species  is  taken  to  be  that  date  on 
which  the  print  in   which  the  name  appears  is  ofifered  for 
public  sale  or  public  distribution. 
No  author's  copy,  and  no  excerpt  from  any  publication  distributed 
privately  before  such  publication  is  offered  for  public  sale  or 
public  distribution,  have  been  accepted. 
In  the  case  of  privately  printed  books,  entries  taken  from  them 
are  distinguished  by  the  words  [auct.  typ.^» 

In  all  cases  where  the  date  is  doubtful  and  cannot  be  definitely 
ascertained,  the  date  figures  are  enclosed  in  brackets  [  ],  or  have 
some  other  distinguishing  mark— c.^.  (?) — placed  against  them. 

In  the  case  of  plates  appearing  before  the  text,  the  date  of  each  is 
given  if  ascertainable  {e.g,  Schreber's  **Stingthiere"),  but  in  no  case 
is  the  date  of  a  plate  accepted  in  preference  to  the  date  of  text,  for 
the  reasons  which  follow  : — 

The  figure  depicted  on  a  plate  may,  or  may  not,  be  the  drawing 
intended  by  the  author ;  it  is  the  work  of  the  artist,  who  is 
also  responsible  for  the  descriptive  legend.  In  numerous 
instances  the  descriptive  legend  on  a  plate  is  quite  ernmeous, 
and  has  been  repudiated  by  the  author  in  his  text.  Until  the 
text  descriptive  of  a  plate  appears,  the  names  on  the  plate 
must  be  considered  as  nomina  nuda,  and  it  is  open  to  anyone 
to  describe  and  rename  such  nomina  nuda. 
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Species  '*  indett.,*'  if  figured,  are  inoladed  in  the  Index. 

MiMprints  are  quoted  only  if  considered  liable  to  cause  confusion. 

The  following  is  an  example  of  the  Index  as  proposed  to  be 
carried  out.  The  inclusion  of  an  alphabetical  list  of  species  under 
each  genus-name  is  a  matter  for  considerutiun,  if  ever  the  MS. 
comes  to  the  printing-office.  It  can  be  adopted  or  rejected  at 
option,  and  if  adopted  the  duplicate  set  of  slips  will  be  available 
for  the  purpose. 

In  arranging  the  Index  for  printing  it  is  proposed  to  print  one 
alphabetical  list  from  beginning  to  end;  the  species-names  and  the 
genus-names  falling  into  one  order  according  to  the  arrangement 
of  their  spelling.  The  following  are  the  reasons  for  arranging 
the  work  under  species  and  not  under  genera,  as  in  the  **  Index 
Kewensis  " : — 

1.  No  synonymy  of  species  is  attempted  :   that  depends  on  the 

idiosyncrasy  of  the  systematist 

2.  Any  attempt  at  specific  synonymy  would  be  fatal  to  progress, 

as  experience  shows  that  vast  changes  may  take  place  iu 
a  single  year. 

3.  An  arrangement  under  species  permits  of  a  generic  synonymy, 

for  by  running  the  eye  down  the  second  column  of  the 
printed  work,  it  will  be  possible  to  ascertain  the  various 
generic  names  with  which  a  particular  species-name  has  beea 
connected. 

Acervulina,  M.  Sehultze,  Org.  Polyth,  67.  Kh.  1854. 

[acinosa ;  creta3 ;  globulosa ;  inha»reii9.] 
acinosa  Acervulina,  M.  SchuHze,  Org.  Polyth.  1854,  67. 
acuta  Alveolina,  Savi  if  Jfctieghini,  Cons.  geol.  Tosr.  1851,  206. 
Alvt'olina,  A.  D,  I>'Orhig,ni\  Ann.  Set.  Xaf.,  vii.  306.  Rh.  1826. 

[acuta  ;  boscii ;  buUoides  ;  compressa  ;  c(wtulata  ;  cylindrica  ;  decipiens  ; 
depn^ssa  ;  ellip:»oidalis ;  olliptica  ;  elongabi ;  exiraia  ;  fortisii ;  eU.\] 
Archiacina,  Muniei'-Chalmas,  B.  S.  geol.  Fr.  [3],  vii,  445.  Kh.  1879. 

[arniorica ;  muuicri.] 
armorica  Archiacina  ' J) 'Arch.),  Munier-ChalmaSj  B.  S.  geol.  Fr.  [3],  vii, 

1870,  445.     [Cvcloliua.] 

Cyclolina,  D'Archiac,  B.  S.  geol.  Fr.  [2],  xxv,  1868,  376. 

Cvcloliua,  A.  J).  jyOrhigng,  Foram.   Vien.  139.  Rh.  1846. 

[armorica  ;    carinata  ;    crctacea  ;    dut'renoyi ;    impressa  ;    pedunculata  ; 
pra»alta.] 

The  <^roup  and  date  of  the  genus  arc  shown  by  the  "  Rh.  1854'*  =  Rhizopgda, 
1854. 

From  this  description  of  the  "  Index  Generum  et  Speciernm 
Aninialinm,"  it  will  be  seen  that  a  manuscript  comprising  130,000 
reft-rences  is  already  in  existence  and  is  available  for  daily  reference. 

Sir  William  Flower,  Dr.  Giinther,  and  Dr.  Woodward  took  so 
much  interest  in  the  original  scheme  that  they  at  once  offered  the 
necessary  space  and  cabinets  for  the  storage  of  the  manuscript  at  the 
British  Museum  (Natural  History) — an  offer  of  considerable  value, 
as  it  not  only  renders  the  MS.  easily  accessible  to  those  wishing  to 
consult  it,  but  ensures  safety  from  fire  and  other  destructive  agencies. 
The  General  Committee  of  the  British  Association  have  been  generous 
enough  to  assist  the  work  by  a  donation  of  £  70.  This  has  been  of 
considerable  assistance  in  the  purchase  of  paper,  material,  eta 
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A  mannsoript  of  this  nature  is  necessarily  imperfect  for  any  one 
genus  until  the  whole  literature  has  been  gone  through.  As  far  as 
p<>8sible  it  is  compiled  from  1758  upwanls,  hut  often  a  side  issue 
takes  the  compiler  on  even  into  the  present  year.  Every  book 
when  completed  is  ticked  off  in  some  well-known  Catalogue,  and 
a  catalogue  slip  is  made,  so  as  to  allow  of  an  alphabetical  register. 

It  is  believed  that  the  plan  adopted  for  preparing  an  *'  Index 
Generum  et  Specierum  Animal ium  "  is  so  arranged  and  so  carried 
out  that  the  work  is  completed  day  by  day  so  far  as  it  goes,  and  that 
it  would  be  easy  for  any  individual  to  continue  the  carrying  out  of 
the  scheme  to-morrow  should  there  be  occasion  to  do  so. 
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L — Gkological  Survey  op  Scotland.  Explanation  of  Sheet  75  of 
the  Geological  Survey  Map — including  West  Aberdeenshire,  Banff- 
shire, parts  of  Elgin  and  Inverness.  By  Lionel  W.  Hinxman, 
B.A. ;  with  Petrological  Notes  by  J.  J.  H.  Tkall,  M.A.,  F.R  S. 
8vo,  pp.  48.  Price  1«.  Gd.  (Edinburgh :  Printed  for  H.M. 
Stationery  Office,  1896.) 

THE  area  described  in  this  memoir  is  a  mountainous  one.  A 
small  portion  of  the  Spey  Valley  lies  to  the  north-west  by 
Cromdale,  and  a  group  of  metamorphio  r()(3ks  developed  in  an<l 
around  the  Haughs  of  Cromdale  and  the  Braes  of  Abernethy  is 
noted  as  the  •*  Cromdale  Hills  Series."  The  rooks  represent  a  set 
of  alternating  shales  and  sandstones  which  have  been  converted 
into  micaceous  and  siliceous  schists  and  flagstones.  They  are 
thoroughly  granulitized,  and  their  sedimentary  origin  is  only 
occasionally  to  be  recognized  in  the  dark  biniinse,  which  under  the 
microscope  are  found  to  be  composed  of  heavy  residues  such  as 
ilmenite  and  zircon.  In  addition  to  the  granulitization,  the  original 
mineral  particles  are  drawn  out  in  one  determinate  direction,  giving 
a  striped  appearance  to  the  rock  in  many  places  that  at  once 
catches  the  eye. 

The  central  portion  of  the  area,  east  of  Glens  Lochy  and  Loin,  is 
occupied  by  metamorphic  rocks  grouped  as  tlie  *'  Banffshire  Series,*' 
which  includes  quartzite  (showing  in  places  "rod-"  and  **mullion- 
structure"),  black  schists,  mica-schists,  slates,  and  limestone.  The 
original  bedding-planes  in  the  limestone  are  generally  recognizable, 
but  the  rocks  are  often  intensely  crumpled  and  folded,  while 
additional  planes  of  schistosity  have  been  developed  in  several 
places.  Overlying  these  old  rocks  there  are,  as  at  Tomintoul,  out- 
liers of  Lower  Old  Red  Sandstone.  At  Carn  Meadhonach  there  is 
upwards  of  500  feet  of  conglomerate  belonging  to  this  formation. 
Ko  organic  remains  have  yet  been  discovered  in  the  Old  Red  strata, 
which  include  sandstones  as  well  as  breccia  and  conglomerate. 
Various  glacial  phenomena  are  described,  and  there  are  notes  on 
peat  and  alluvium. 

DBCADE  IV. — TOL.    lU. — ^NO.    XII.  ^^ 
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Tlie  igneous  rocks  inclade  portions  of  the  grsnite-masn  of  Cairn- 
gorm on  the  south  of  the  area,  and  large  tracts  of  diorite,  epidi<irite, 
and  hornblende-schist  in  the  eastern  portion  of  the  area,  at  Kirktoa 
of  Glenbucket,  etc.     Serpentine  also  occurs. 

Among  the  economic  products,  building-  and  paving-stone  is 
obtained  from  the  Old  Red  Sandstone,  and  lime  for  agricnltural 
piirjtoses  from  the  limestone.  Iron-ore  has  been  smelted  at  Nethy 
Bridge,  and  manganese-ore  was  formerly  obtained.  Diatomite  occurs 
in  places,  and  veins  of  plumbago  have  been  met  witli.  A  few 
mineral  wells  are  recorded. 

In  his  petrographical  notes,  Mr.  Teall  notes  the  occurrence  of 
zircon,  rutile,  and  ilmenite  in  the  rocks  of  the  Oromdale  Hills;  and 
he  calls  attention  to  the  abundance  of  cordierite  in  the  metamorpbic 
rocks.  Interesting  particulars  are  given  of  the  structure  of  both 
metamorpbic  and  igneous  rocks. 

Tlie  absence  of  a  small  index  to  this  work  is  to  be  regretted,  and 
it  should  be  mentioned  that  the  type  is  not  so  clear  nor  the  paper 
so  good  as  in  the  previously  published  explanation  of  Sheet  5. 
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II.— Elkmkntaby  Geology.  By  G.  S.  Bouloer,  F.L.S,,  F.G.S., 
Professor  of  Geology.  City  of  London  College.  Small  8vo, 
180  pages,  with  woodcuts.  Price  Is.  6<i.  (Collins  and  Co. :  London 
and  Glasgow.     Not  dated.  ) 

THIS  is  a  revised  edition  of  the  late  Dr.  W.  S.  Davis's  little  intro- 
ductory handbook  of  Geology.  The  principles  of  Geology,  and 
their  illustration  by  reference  to  main  facts  concerning  the  past 
and  present  conditions  of  the  earth,  are  systematically  and 
successively  stated  in  twenty  short  chapters,  concisely  written,  and 
illustrated  with  the  woodcuts  usually  met  with  in  such  geological 
handbooks. 

I'he  author  avoids,  to  a  great  extent,  entering  into  disputed  and 
hyjK)thetical  explanations  of  natural  facts.  He  is  clear  in  his 
statements,  though  brief;  and  has  evidently  the  experience  of 
a  sound  and  practical  teacher. 

The  plan  of  the  book  is  good  for  a  young  earnest  geologist,  who, 
seeking  for  visual  evidences,  in  quarries  and  cliffs,  as  well  as  in 
museums,  will  take  the  successive  chapters  as  leaders  for  his 
notebook  and  method  of  study.  For  amateurs  this  little  book  of 
elements  can  be  recommended  as  opening  a  way  of  beginning  to 
learn  the  subject  systematically. 

The  author  has  especially  in  view  the  aid  that  can  be  given  to 
candidates  in  geological  examinations,  and  he  reprints  the  questions 
given  in  "Science  and  Art"  examinations  in  1889-96,  and  183 
questions  taken  from  other  sources,  with  references  to  the  cor- 
relative paragraphs  in  the  book. 

A  good  Index  completes  this  well-printed  and  recommendable 
little  handbook. 
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Obolooigal  Sooibtt  of  London. 

November   4,   1896.  —  Dr.    Henry   Hicks,    F.R.S.,   President,   in 

the  Chair. 

The  President  referred  to  the  loss  which  the  Society  had  sustaine<1 
by  the  decease  of  Professor  A.  H.  Green,  M.  A.,  F.R.S.,  who  had  served 
for  some  years  on  the  Council,  and  was  Vice-President  at  the  time 
of  his  death.  His  wide  knowledge  of  science,  his  perfect  uprightness 
of  character,  and  his  genial  good-nature  were  greatly  valued  by  all 
those  who  bad  the  privilege  of  coming  into  contact  with  him. 

The  President  further  announced  that  the  Council  had  that 
afternoon  passed  the  following  resolution  : — 

"The Council  of  the  Geological  Society  are  deeply  sensible  of 
the  loss  which  they  have  sustained  in  the  death  of  Professor 
Green,  M.A.,  F.R.S.,  one  of  their  Members,  and  a  Vice-President 
of  the  Society.  In  placing  on  record  their  acknowledgment  of  the 
services  which  he  has  often  rendered  to  the  Society,  they  desire 
to  express  their  heartfelt  sympathy  with  Mrs.  Green  and  the 
family  in  their  sudden  bereavement." 

The  President  announced  that  Lady  Prestwioh,  in  fulfilment 
of  the  terms  of  a  bequest  of  her  late  husband,  had  offered  to 
the  Society  260  bound  volumes  of  geological  tracts  from  his 
Library.  Also,  that  a  sum  of  £800  had  been  bequeathed  to 
the  Society  by  Sir  Joseph  Prestwich,  the  interest  to  be  applied 
to  the  triennial  award  of  a  medal  and  fund  :  this  bequest  to  take 
effect  subsequent  to  the  decease  of  Lady  Prestwich. 

The  Secretary  announced  that  the  Rev.  P.  B.  Brodie,  M.A., 
F.G.S.,  had  presented  to  the  Society  a  framed  platinotype  portrait 
of  himself ;  that  Capt.  G.  E.  A.  Ross,  F.G.S.,  had  presented 
eight  lithographic  portraits  of  distinguished  geologists;  and  that 
Miss  Hawkins  had  presented  a  portrait  of  her  late  father,  Waterhouse 
Hawkins,  Esq. 

The  following  communications  were  read  : — 

1.  "Additional  Note  on  the  Sections  near  the  Summit  of  the 
Furka  Pass  (Switzerland)."  By  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S., 
V.P.G.S.,  Professor  of  Geology  in  University  College,  London. 

The  author,  during  a  visit  to  Switzerland  in  1895,  had  taken  the 
opportunity  of  completing  the  examination  of  the  sections  on  the 
western  side  of  the  Furka  Pass,  and  of  glancing  again  at  those 
previously  studied.  The  white,  sometinies  slightly  quartzose  or 
micaceous  marble  which,  as  already  described,  crosses  the  summit 
of  the  Pass,  descends  towards  the  west,  but  forms  a  cliff  for  some 
little  distance  by  the  roadside  ;intil  it  is  crossed  by  the  latter,  and 
disappears  under  debris  and  turf.  Above  it  is  a  greyish  limestone, 
at  most  only  subcry stall ine  in  aspect,  and  retaining  traces  of 
organisms,  as  already  noticed.     Higher  up  is  a  small  outcrop  of 
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m  whitish  rock,  more  like  the  marble  in  a  Terj  crushed  oondition 
than  a  Jarassic  limestone;    next  comes  indubitable  Jarasaic  lime- 
stone, and  lastly  gneiss.     In  one  place  the  top  of  the  lower  mass 
of  marble  coo  Id  be  seen  within  a  few  inches  of  dark  shalj  Jaraasio 
rock.     On  the  eastern  side  of  the  Pass  two  small  pits  had  been 
opened  since  the  author^  last  visit;  they  also  showed  the  top  of 
the  marble  underneath  the  Jurassic  rock.     Both  rocks  were  rather 
sliattered  near  the  junction,  but  were  as  different  as  they  well  could 
be.      The  one  resembles  the  marble,  associated   elsewhere  in  the 
Alps  with  crystalline  schists ;  the  other,  a  member  of  the  Jurassic 
system.     There  is  not  the  slightest  sign  of  a  passage  between  them, 
but  much  to  suggest  faulting.     The  field  evidence  ia  confirmed  bj 
study,  macroscopic  and  microscopic,  of  the  specimens.     Aooordingly 
the  author  adheres  to  the  view  already  expressed,  that  the  whits 
marble  is  a  rock  much  older  than  the  Mesozoic  era. 

2.  "Geological  and  Petrographical  Studies  of  the  Sndbnry  Nickel 
District  (Canada)."  By  T.  L.  Walker,  Ph.D.,  M.A.  (Communicated 
by  J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.,  SecG.S.) 

Sudbury  is  a  small  town  situated  in  Northern  Ontario,  in  the 
centre  of  the  nickel-mining  district  North  of  the  Great  Lakes 
granite  and  gneiss  form  almost  boundless  terranes,  interrupted  only 
by  belts  of  Huronian  rocks,  which  are  in  turn  associated  with  pu6t- 
Huronian  eruptives,  the  most  important  of  which  are  the  large 
nickel-bearing  massives. 

The  Huronian  rocks  in  the  vicinity  of  Sudbury  were  examined  by 
Professor  Bonney,  who  published  his  results  in  the  Quarterly 
Journal  of  this  Society  (vol.  xliv,  1888).  These  rocks  form  a  largo 
belt  extending  from  the  northern  shore  of  Lake  Huron  north- 
eastward for  several  hundred  miles.  In  the  immediate  vicinity  of 
Sudbury  they  are  composed  of  quartzite,  mica-schist,  phyllite,  slate, 
volcanic  breccia,  and  greywacke. 

Far  more  interesting  are  the  nickel-bearing  rocks,  which  are 
eruptive  and  form  long  elliptical  stocks  which  conform  to  the  strike 
of  the  Huronian  rocks  containing  them.  Contact-action  indicates 
that  they  are  younger  than  the  rocks  previously  referred  to.  The 
smaller  eruptives  are  composed  of  greenstone,  which  appears  to  have 
been  formed  from  norite  or  gabbro.  Some  of  the  larger  eruptives, 
however,  have  been  highly  diflferentiated  on  cooling,  as  they  are  now 
composed  of  granite  and  greenstone  with  gradual  transitions  from 
the  one  to  the  other.  The  greenstone  generally  forms  one  side  of 
the  eruptive,  and  on  the  outer  border  is  often  characterized  by  large 
masses  of  nickeliferous  pyrrhotite,  chalcopyrite,  and  nickeliferooa 
pyrite,  with  frequent  smaller  masses  of  magnetic  iron-ore  rich  in 
titanic  acid.  The  writer  regards  these  mineral  masses  as  genetically 
related  to  the  greenstone  and  granite,  in  that  the}'  appear  to  be  the 
extreme  products  of  differentiation.  About  half  the  world's  nickel 
supply  is  drawn  from  these  deposits. 

The  greenstone  is  generally  somewhat  altered,  but  at  times  it  is 
only  slightly  changed,  when  it  is  seen  to  be  typical  norite. 

The  alteration  of  augite  and  hypersthene  is  described  in  detail^ 
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and  the  term  *^  mgnsizm  ^  if  io^gEi^srft^  f :r  iL«  prxms  in  wkieli 
secoiidarj  bombleoie  k  5cffiiif<d  iii  i^t^jclkat.  as  if  faudle^vhftuKv 
had  been  carried  in  suJinka.  al:«k^  'ht  Cj*AThs*^lioe*  of  the  iels|i«r 
and  b?  reacting  cpon  ii»  Lena  Lud  pri^CDOhd  aaocodaiT  bomlJeotle. 
Hornblende  to  forBtd  i*  pb5«mbj  :c'  a*  ^-Mbigrmxed  h^rDblende."^ 
Areas  of  oialitic  koffsbjexide  ^tm-nllj  ^jc.uxfui*L  under  cixhsaed 
n  tools  in  two  pc^rticcka.  On  a  t^tt  iftT.-firabie  iM^on  it  vas  pr«iib2e 
to  determine  tbax  tLr  ivo  p.  rci:ct§  of  kcTnbkstde  axe  in  definite 
cry8tallographie  orieata.Tk^k — iiaabeij,  iLat  of  xvinxdng  oo  tLe 
orthopinaooid,  a*  is  oc<nizzK€i  in  k-.*nii']exide-crTftlala. 

A  mineral  resembiinj^  woiLleriTe  was  fecund  to  be  xelatirelj 
abondant  in  some  oi  tLr  mc^re  acid  T%.tck*  of  tbe  Windy  Lake  eroptivt*. 

Tlie  nickeliferons  ivcks  are  cot  hx  loanger  eniptivetf — stocks  of 
granite  and  djkes  of  oIxTiDe-ciabafee. 

A  few  pages  are  deroted  %o  tLe  s:abj«c^  of  differentiation,  in  wliicrh 
it  is  pointed  oat  that  no  one  of  tLr  geiMrraliT  aooepted  thetiriea  is 
able  to  acooont  for  all  tbe  pbezicicieiia  obMrnred  in  the  differvntia- 
tion  of  the  nickel-bearing  rocks  of  ;be  Sadbary  district.  Stives 
has  been  laid  npc^n  the  p«n  which  gravitation  nndoubtedlv 
plays  in  producing  htrterogeneitj  in  emptive  rocks.  Ail  the  old 
tlieories  of  differentiation  are  directed  to  explain  the  preaeuoe  of 
basic  borders  on  more  acid  central  portions,  while  they  do  nut 
account  for  those  cases  where  the  central  portions  of  stocks  are 
bai$ic  and  the  margin  add.  They  fail  also  to  give  any  explanation 
of  the  commonest  case,  namely,  the  eruptiTe  showing  little  or  no 
differentiation.  These  different  cases  are  not  only  explained,  but 
predicted,  by  the  application  of  the  principle  of  gravitation  to 
slowl^'-cooling  eruptive  magmas. 

3.  «'0n  the  Distribution  in  Space  of  tbe  Acces90iT  Shocks  of  the 
Great  Japanese  Earthquake  of  1891."  By  Charles  Davison,  Sc.D., 
F.G.S. 

The  object  of  the  author  in  this  paper  is  to  consider  the  geo- 
graphical dbtribution  of  the  numerous  shocks  which  preceded  and 
followed  the  great  earthquake  of  1891.  A  brief  summary  of 
Professor  Omori*s  work  on  the  distribution  of  the  after-shocks  of 
this  earthquake  is  given,  aud  the  difference  between  his  methoil 
of  treatment  and  that  adopted  in  the  present  paper  pointed  out ;  the 
author  furthermore  indicates  possible  sources  of  error  in  his  ma|>s, 
and  explains  how  these  may  be  practically  neglected. 

In  a  map  of  the  coast  within  the  Miuo-Owari  district,  the 
boundary  of  the  area  over  which  the  principal  shock  was  felt  is 
enclosed  by  a  line  which  bifurcates  towards  the  south.  The  longer 
axis  of  this  area  coincides  generally,  as  shown  by  Professor  Koto, 
with  the  direction  of  a  fault-scarp  which,  however,  is  only  prolonged 
into  the  south-eastern  fork  of  the  disturbed  area.  This  the  author 
speaks  of  as  the  main  fault,  and  he  infers  the  evidence  of  a  secondary 
lault  running  along  the  southern  fork. 

In  discussing  the  preparation  for  the  great  earthquake,  reasons 
are   given   lor  believing   that   the   distribution   of  earthquakes   iu 
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1890-1  VM  Urtle.  if  at  alL  due  to  the  ottrked  thoek  of  Mat  12, 
l.S8d.  bot  xhAi  the  cftrtLqumkeft  of  these  jcAn  were  pcepttrmcorj  to 
the  fFMt  cArrhqoake,  the  o^meqoent  relief  «t  nuneroas  ami  widrlj 
«l»tnbated  p^rs  eqittiiang  the  effeccire  strmiB  «Ioc^  the  vhole 
fuiIt-*T«tefii.  An*i  to  clti^riitg  the  wmj  for  one  or  inore  aJnwt 
iiijCAi.LAiieoae  «iipe  ftloctg  it«  entire  length.  Thie  ooclxiun^  oi  the 
faaI:-*T«tem  p?int«  to  the  preiiooi  exi»teiice  of  the  faalts.  and 
implies  chat  the  great  eartLqaake  wai  doe  noc  to  the  mpcanng  of 
the  ioara.  but  prjliablj  to  the  inieiue  friccioa  cftlied  ixiu>  actioa 
hj  the  Miiikrn  dupLioemeiit. 

The  distnboti<>o  of  the  after-chocks  is  then  discaased>  aad  it  is 
■laintuned  that  the  after-»hodcs  of  the  llini>Chrsri  eartk|ttftke  for 
the  firrt  foorteen  months  were  sabject  to  the  foUowin^  coc-iitiosis — 
drcltne  of  freqnencT.  decresie  in  the  srva  of  aeumie  acdott.  and 
a  gndnal  bat  osciUating  withdrawsl  of  that  action  to  a  akoca  or  less 
eeflitrai  di^tricC 

Professor  John  Hilne,  F.B.S.  (who  has  latelj  retmaed  from 
Jspnn  snd  intends  now  to  resi«le  in  this  cooncrri.  sai*i  chat  the 
Mino-Owari  earthqnake  haJ  famished  a  greater  nauber  and  a  more 
▼sned  aeries  of  tetsmic  phenomena  for  soaItms  than  h^  been 
noted  in  connection  with  anj  disturbance  preTiMt^Ij  recorded. 
"When  this  earthqaske  took  place  sn  eaonn<>QS  ikxiit^  which  can  Le 
traced  over  a  length  of  more  than  fortj  miles»  apfieaied  npon  the 
snrfsce,  and  it  was  osoallj  soppoeed  that  the  sadden  rapcare  and 
displacement  of  rast  misseii  of  material  along  this  line  were  the 
canse  of  the  earthquake. 

On  accL^ant  of  a  prKraliar  distriba:ion  of  *hi.">oks  which.  :.»k  place 
prior  t>  1'?S>1.  Mr.  Davis^jD  ar^uc«i  thAt  the  taalt  or  t:kul:»  in  the 
31  in  »-OwAri  di*:riet  wer??  oa^Iined  fc^rtore  the  i.<x*urT^nce  of  the  sn^at 
•-arthijiiAke,  which  %»ms,  thrrrrore,  odIt  the  iv»ul:  o(  ihtir  exien^ion. 
Thi.-*  niiiy  Lave  Urtrn  so.  but  it  muat  l«e  nrmemberr»i  tiiAt  be-fore  IS^l 
the  Duoiber  of  &h<<rkd  oocumng  in  the  Min«>Owari  {.i^^in  were  nv.'t 
iiuni'tfr-jQ's :  and  as  we  paa*  from  l'^^^  to  l'^Vl  we  canQ'.H  saj  that 
tl.ev  increase*!  in  number,  while  their  distribution,  as  exhibited  hj 
maps,  waa   larg-lv  dependent  upon  the  ob5ierTiuj:-:>Li:ioa*.     Where 
the    maps  dhowe*]    blank  spaces,    in    many  cases  the  coantrr  was 
lU'mntamoQs,  and  ihrre  were   no   obsenrers^     The  pre>eti;  aurhor's 
iiietb^l  ijf  treatment  of  the  statistics  relating;  to  '*  ai:er-$ii«.vks  '*  no 
•Joubt  p«:>sses0es  advantages  t»ver  that  previously  used  by  Pn»fe««or 
Omori,  but   the   results  arrived  at,  so  far  as  itiey  are  c».'iuf*ambie, 
closely  acci>rd.     It  was  at  the  speaker's  suggestion  that  the  #:u.iT  of 
after-fthjcks    was    taken    up.  and    he   must   congratulate    Pr.'les^^r 
Omori  at  having  obtaine«i  results  far  bey»>ud  and  of  greater  im- 
portance than  an\ttiing  antici{.>ateti  at  the  outset.     Prufess4.^r  Omori 
■dded  to  our  knowIe«ige  respecting  the  expiring  efforts  in  a  seismic 
»rea ;    while   Mr.  Davison,  amouipjt  other  things,  has  thn.»wn  new 
"ght  nptjQ  the  change  in  subterranean  conditions  which  ctilminiied. 
^OctoUr  2b,  1^91,  in  a  shaking  which  could  be  reo.^rded  from 
1»1©  to  pole. 
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CALAIS   NEWBOLDI. 

Sib, — Since  the  publicatioQ  of  my  paper  "On  a  Fossil  Octopus 
(Calais  Newholdi,  J.  de  C.  Sbjr.  MS.),  from  the  Cretaceous  of  the 
Lebanon,"  in  the  Quart.  Journ.  Qeol.  Soc,  vol.  Hi,  p.  229.  1896, 
I  find  that  the  name  Calais  has  been  twice  used — first  by  F.  L.  de 
Laporte  in  1836  (Silbermann,  Eevue  Entomologique,  vol.  iv,  p.  9) 
for  a  genus  of  Colkoptkba;  secondly  by  J.  A.  Boisduval,  also  in 
1836  (**  J.  A.  Boisduval,  Species  General  des  Lkpidopteres,"  vol.  i, 
p.  584;  quoted  as  a  synonym  of  Idmais,  Boisd.).  Under  these 
circumstances  it  becomes  needful  to  propose  a  new  generic  name  for 
Sowerby's  Calais ;  I  would  therefore  suggest  that  the  name  of 
PalcBoctopus  replace  that  of  Calais,  which  is  preoccupied  by  a  genus 

of  COLBOPl'BBA.  HbNBY   WoODWABD. 


LIFE-ZONES    IN    CARBONIFEROUS    ROCKS:     A    CORRECTION. 

SiB, — I  observe  that  in  your  last  number  (p.  519),  the  British 
Association  Report  on  Life-zones  in  the  British  Carboniferous  Rocks 
is  stated  to  have  been  drawn  up  by  me,  whereas  it  was  the  work  of 
the  Secretary,  Mr.  E.  J.  Garwood.  John  E.  Mabb. 

70,  Huntingdon  Road,  Cambridge. 


LINN-EUS    ON    THE    APPENDAGES    OF    TRILOBITES. 

Sib, — In  the  May  number  of  the  American  Oeologist,  Dr.  0.  E. 
Beecher  has  published  an  article  entitled  *^  On  a  Supposed  Discovery 
of  the  Antennas  of  Trilobites  by  LinnsBUS  in  1759."  As  this  article 
refers  to  my  short  communication  to  the  Geological  Maqazink, 
p.  142,  March,  1896,  I  shall  be  glad  if  you  will  afford  some  space 
for  a  few  remarks  in  reply  to  the  interpretation  of  Linne's  figure 
proposed  by  Beecher. 

To  begin  with,  I  regret  that,  in  the  introductory  words.  I  have 
used  80  inaccurate  an  expression  as  to  suggest  that  Linne's  paper 
had  been  overlooked  ever  since  its  first  appearance,  while  I  have 
only  taken  into  consideration  the  period  wliich  I  have  spoken 
of  as  a  time  of  important  researches  into  the  ventral  structure 
of  Trilobites. 

Beecher  sums  up  his  reasoning  concerning  the  organs,  regarded  by 
Linne  as  antennas,  in  the  following  terms :  '*  It  necessarily  follows 
that  the  cephalon  of  the  specimen  figured  by  Linnaeus  is  without 
free  cheeks,  and  with  this  interpretation  of  the  figure,  the  supposed 
antennas  can  only  be  homoiogized  with  the  thickened  border 
between  the  points  where  the  facial  suture  cuts  the  anterior 
margin."  This  conclusion  is  drawn  under  the  supposition  that 
the  disputed  organs  are  not  antennas,  but  no  conclusive  evidences 
are  adduced  that  they  are  not.  Before  entering  upon  an  examination 
of  Beecber*s  arguments,  I  think  it  suitable  to  give  a  short  review  of 
the  modes  in  which  the  head  of  Farabolina  spinulosa,  Whalb.,  is 
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nsually  found  preserved.  In  the  zone  which  is  characterized  by 
this  fossil,  it  occurs  in  the  greatest  profusion;  but  owing  to  the 
friability  of  the  matrix,  it  is  often  difficult  to  protect  the  Bpectmens 
from  destruction  when  kept  in  collections.  Entire  heads  are  not 
rare,  but  they  more  commonly  display  only  the  central  shield 
between  the  facial  sutures ;  other  specimens  present  the  same  part, 
but  with  the  portion  situated  before  the  glabella  and  the  ocular 
ridges  broken  off.  That  the  free  cheeks  are  wanting  in  the 
specimen  figured  by  Linnc,  I  have  so  much  the  less  reason  to 
doubt,  as  I  have  in  my  own  collection  heads  of  Parahofima  quite 
agreeing  with  the  Linnean  figure,  but  for  the  parts  there  visible 
before  the  glabella,  llie  free  cheeks  are  indubitably  absent  for 
the  greater  part,  but  a  small  portion  of  them  behind  the  eyes 
seems  to  be  coherent  with  the  fixed  cheeks,  since  the  outer  margin 
of  the  whole  presents  an  uninterrupted  curvature,  just  like  that 
seen  in  Linn^'s  delineation.  I  cannot  explain  the  cause  of  this 
shape ;  it  may,  perhaps,  be  due  to  the  form  of  the  inflected  portion 
of  the  free  cheeks.  However,  a  further  examination  of  Linnets 
tirawing  does  not  confirm  Beecher*s  suggestion  as  to  the  nature  of 
the  parts  which  Linne  called  antennae.  If  these  were  to  be 
interpreted  as  the  thickened  border  between  the  facial  sutures, 
they  ought  not  to  have  been  pointed  towards  the  end,  nor  to  have 
been  so  long  as  they  are.  These  circumstances  might,  however, 
be  considered  as  depending  upon  carelessness  of  the  draughtsman; 
and  I  should  scarcely  have  mentioned  them,  if  they  had  not  been 
combined  with  another  detail,  which  cannot  be  accounted  for  as 
due  to  such  ca^ele8^ne88.  Before  the  frontal  lobe  of  the  glabella 
there  is  a  smaller  rounded  lobe  projecting  between  the  pieces  in 
question,  which  is  not  only  a  little  larger,  but  also  more  distinct  in 
the  original  figure  than  in  Beecher's  reproduction,  llie  form  of  this 
lobe  seems  to  me  to  preclude  the  idea  that  we  have  before  us  the 
thickened  frontal  margin.  But  if  we  imagine  the  foremost  part  of 
the  central  shield  before  the  glabella  to  be  broken  off,  as  is  often 
the  case,  there  is  another  part  which  has  just  that  position,  quite 
the  same  shape,  and  the  same  size  as  that  lobe,  viz.  the  anterior  part 
of  the  hypostonie,  or,  more  strictly  speaking,  of  its  central  portion. 
This  organ  is  very  often  met  with  amongst  the  specimens  imbedded 
in  the  slates.  From  beneath  this  lobe  the  antennae  appear  springing 
forth,  and  their  bending  can  easily  be  imagined  continued  beneath 
the  hypostome,  to  their  points  ot  attachment  at  the  sides  of  the 
same. 

Though  I  think  this  interpretation  to  be  more  in  harmony  with 
the  Linnean  figure,  I  admit  that  the  question  is  not  so  clear  as 
could  be  desired.  But  I  believe  I  am  fully  justified  in  having 
directed  the  attention  of  scientists  to  this  early  mention  of 
antennae  in  Trilobites,  each  palaeontologist  being,  of  course,  entitled 
to  attach  just  as  much  importance  to  it  as  bis  conviction  demands. 

By  several  expressions  in  Beecber's  paper,  I  feel  called  upon  to 
repeat  from  my  earlier  communication  that  "  this  reference  to  an 
old" — and  isolated — "observation,  can  by  no  means  abate  anything 
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of  tbe  value  of  the  brilliant  discoveries  of  our  days  "  made  by  the 
eminent  paladontologists  cited  by  Beecber,  or  by  that  distinguished 
investigator  himself.  Sv.  Leonk.  Tobnquist. 

Lund,  September ,  1896. 

ANGLESEY  AGGLOMERATES. 

Sir, — In  his  short  paper  in  your  current  (November)  *  number, 
Sir  A.  Geikie  is  very  ready  to  give  up  his  opinion  as  to  the 
agglomeratic  character  of  certain  fragmental  rocks  in  Anglesey,  but 
I  hope  my  own  opinion  was  based  on  too  solid  a  foundation  to  be 
so  easily  overthrown.  After  reading  this  retractation,  I  turned  to 
Sir  A.  Geikie's  and  my  own  original  description  of  these 
agglomerates,  quoted  below,  and  it  appeared  to  me  at  once  that  if 
the  phenomena  in  the  Isle  of  Man  were  the  same  as  in  Anglesey, 
the  rocks  in  the  former  locality  could  not  be  **  crush-conglomerates." 
I  therefore  turned  again  to  the  description  of  these  ''crush- 
conglomerates  "  as  given  by  Mr.  Watts,  and  this  is  what  he  says : — 
''The  fragments  exhibit  a  great  uniformity  in  composition,  and 
nothing  has  hitherto  been  found  in  them  but  grits  and  slates/' 
which  "could  all  be  matched  either  in  the  transition  series  or  else 
in  the  main  grits  and  slates  "  (between  which  the  crush  has  taken 
place).  **  Although  Mr.  Lamplugh  was  alive  to  the  importance  of 
looking  out  for  the  existence  of  fragments  of  igneous  rocks  and 
other  strangers,  and  collected  a  number  of  specimens  to  be  tested 
with  this  point  in  view,  not  a  single  fragment  of  any  other  rock 
has  up  to  the  present  been  detected.*' ' 

We  cannot  doubt  that  Sir  A.  Geikie  is  equally  alive  to  the 
importance  of  this  feature,  and,  indeed,  his  new  descriptions  of  the 
rocks  in  Anglesey  indicate  as  much,  but  I  think  in  his  enthusiasm 
he  must  have  forgotten  his  older,  fuller,  and,  I  think,  more  accurate 
account  of  them.  This  is  what  he  first  said  about  the  rocks  at 
Llangefni:  ''The  agglomerates  .  .  .  contain  abundant  blocks  of 
reddish  quartzite,  pieces  of  various  felsites  and  of  finely 
amygdaloidal  andesites."'  My  own  statement  is  practically 
identical :  "  They  contain  huge  masses  of  quartzite  and  igneous 
rocks."*  These  are  certainly  not  descriptions  of  the  rocks  of  the 
neighbourhood  between  which  the  crushing  could  have  taken  place. 
Sir  A.  Geikie  now  writes  :  "  The  strata  affected  appear  to  have  been 
originally  shales  or  mudstones  (with  possibly  some  fine  felsitic 
tuffs),  alternating  with  bands  of  hard  siliceous  grit."*  These  two 
descriptions  are  very  different.     Can  Sir  A.  Geikie  reconcile  them  ? 

Of  the  rocks  near  Genimaes  he  originally  wrote  (of  the  vent  on 
Mynydd  Wylfa) :  *•  It  is  filled  with  a  coarse  agglomerate,  among  the 
large  blocks  in  which  fragments  of  quartzite,  limestone,  felsite,  grit, 
and  shale  may  be  noticed  "  (five  varieties  of  rock) ;  and  the  vent  on 
the  west  side  of  Cemmaes  harbour  "  appears  to  have  been  drilled 

»  Gbol.  Mao.,  Dec.  IV,  Vol.  Ill,  p.  481. 
»  Q.J.G.S.,  vol.  li,  p.  691. 

*  Jbid.f  Tol.  xlvii,  p.  130. 

*  Jbid^  vol.  xliv,  p.  487. 

»  Geol.  Mao.,  Dec.  IV,  Vol.  Ill,  p.  481. 
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through  some  of  the  thick  limestone  bands  of  the  district.  Lirge 
masses  of  vertical  and  crumpled  limestone  beds,  as  well  as  qoartzite, 
Imve  been  caught  up  in  the  agglomerate,  together  with  abundant 
blocks  of  grit,  fragments  of  shale,  and  pieces  of  a  pale  felsite"^  (five 
varieties  again).  Of  the  vent  at  Forth  Cenal  my  own  description  is: 
"The  most  remarkable  feature  is  the  occurrence  of  great  quartz 
lumps,  which  are  of  all  sizes  and  shapes,  and  lie  promiscuously  in 
an  agglomerate  of  slates,  grit,  and  dust,"  and,  '*  in  the  headland  of 
Pen-y-parc  we  get  another  agglomerate  of  quartz  lumps  and  ash  " ; 
and,  after  observing  that  these  rocks  (the  limestone  not  being 
mentioned  as  being  merely  torn  from  the  sides  of  the  vent)  are 
not  those  of  the  immediate  neighbourhood,  I  added  :  '*  We  canuut 
here  refer  [these  agglomerates]  to  the  action  of  a  crush- fault,*' *  a 
remark  which  shows  that  I  was  not  unaware  of  this  alternative. 
These  descriptions,  with  the  interchange  of  "  felsite  "  and  ''  ash,*' 
are  fairly  consistent,  but  Sir  A.  Geikie's  new  description  is:  "The 
huge  blocks  of  limestone,  there  to  be  seen  isolated  among  frag- 
mentary grits  and  slates,  are  referable  to  the  disruption  of  some 
of  the  limestone  bands  which  occur  abundantly  in  the  neighbour- 
hood "  (quite  so).  "  A  gradation  may  be  traced  from  the  slates 
and  grits  outside  the  areas  of  more  severe  dislocation  into  the 
intensely  crushed  and  sheared  'agglomerate.'"'  Where  is  here  the 
qiiartzite.  and  the  felsite,  and  the  drilling? 

The  fact  is  that  one  main  reason,  amongst  others,  in  my  mind 
at  least,  for  calling  these  Anglesey  n)ai^ses  agglomerates,  was  the 
occurrence  in  them  of- a  variety  of  rocks  not  like  those  of  the  imme- 
diate neighl>ourhood  ;  while  the  main  reason  for  believing  the  Manx 
rocks  to  be  "  crush-conglomerates  **  is  that  the  rocks  in  them  are 
of  those  kinds  only  which  occur  on  either  side  of  the  area  of 
crushing.  The  phenomena  in  the  one  case  are,  therefore,  not  the 
sanu'  as  those  in  the  other.  J.   F.   Bi«akk. 

yovimbrr  4,  1896. 

THE  OLD  RED  SANDSTONE  OF  SCOTLAND. 

Sir, — Keganling  the  statement  of  Professor  Davis  in  last  month's 
issue  of  this  Magazine,  it  gives  us  great  pleasure  to  receive  his 
explanation  that  the  terms  Devonian  and  Old  Red  Sandstone  had 
been  use<l  synon\'mous]y  in  his  paper,  and  not  as  representing  two 
distinctly  different  conditions  of  deposit.  But  he  must  be  well 
aware  tliat  tiiis  loose  application  of  these  two  terms  has  K»ng  falleu 
into  disuse  in  British  geolo«ry,  and  that  they  now  stand  for  two 
different  types  of  deposit.  Hence  it  was  quite  natural  for  anyone 
reading  his  footnote  to  suppose  that  his  **  Devonian  erosion"  rt-fers 
to  \\\>  notice  of  Sir  A.  Geikie's  plain  of  marine  denudation  given  in 
th«*  body  of  the  paper;  while  his  reference  to  the  Old  Red  Siind- 
stone  stands  for  something  quite  distinct.  Further,  as  he  says 
hiuistdf,  having  been  principally  indebted  to  **  English  writings" 
for  his  knowledge  of  the  structure  of  this  country,  we  thought  it 

>  Q.J.G.S.,  voL  xlvii,  p.  134. 

•  Ibid.^  vol.  xliv,  pp.  617-8. 

»  Geol.  Mao.,  Dec.  IV,  Vol.  Ill,  p.  482. 
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bat  fair  to  consider  he  had  been  led  by  Sir  A.  Oeikie's  description 
of  the  Buocession  of  physical  events  in  Scotland  after  the  plication 
of  the  earlier  Palasozoic  rocks,  to  infer  that  there  had  been  two 
distinct  periods  of  denudation,  the  one  marine  and  the  other  fresh- 
water. We  sincerely  trust  that  this  explanation  will  be  acceptable 
to  Professor  Davis  of  the  reading  we  placed  upon  his  footnote. 

But  let  us  now  turn  to  the  much  more  important  subject :  Is  there 
any  evidence  of  two  distinct  periods  of  denudation — a  marine,  to 
which  the  plain  of  marine  denudation  is  to  be  referred,  and  a 
fresh-water,  to  which  the  Old  Red  Sandstone  deposits  are  to  be 
assigned?  Professor  Davis,  at  least  on  this  point,  evidently  believes 
that  there  must  have  been  a  vast  denudation  prior  to  the  deposition 
of  the  Old  Red  Sandstone  deposits,  and  that  this  denudation  may 
have  taken  place  without  leaving  any  trace  of  its  deposits.  But  he 
dues  not  decide  as  to  whether  this  denudation  was  subaerial  or 
marine.  If  he  believes  that  a  vast  subaerial  denudation  took  place 
partly  previous  to,  and  partly  contemporaneous  with,  the  deposition 
of  the  Old  Red  Sandstone  rocks  of  Scotland,  then  we  are  at  one 
with  him.  But  if,  on  the  other  hand,  be  believes  with  Sir  A. 
Geikie,  that  a  great  marine  denudation  took  place  which  has  left 
not  a  "rack  behind"  in  the  shape  of  deposits,  but  is  only  repre- 
sented by  a  plain  of  marine  denudation,  then  we  beg  to  express 
our  dissent. 

It  seems  to  us  Professor  Davis  takes  but  a  partial  and  limited 
view  of  the  structure  and  relationship  of  the  Scottish  Old  Red 
Sandstone  to  the  older  Palasozoic  mountain-chain.  He  states  that 
the  Old  Red  Sandstone  lies  unconformably  upon  the  floor  of  ancient 
rocks.  This  is  doubtless  correct  so  far  as  the  Moray  Firth  area,  and 
all  Old  Red  Sandstone  areas  north  of  the  Grampians,  are  concerned ; 
but  had  he  extended  his  traverse  of  the  Old  Red  Sandstone  to  the 
boundary  fault  between  Ayrshire  and  Midlothian  he  would  have 
found  that  the  Old  Red  Sandstone  conformably  succeeds  the  Silurian 
of  these  districts.  It  is  here,  in  our  view,  where  the  missing  link  is 
found.  With  Ramsay,  Geikie,  and  others.  Professor  Davis  seems  to 
overlook  the  significance  of  this  important  fact  In  this  connection 
a  feature  of  some  interest  may  be  referred  to.  In  Lanarkshire 
a  band  of  shale  about  5,000  feet  above  the  base  of  the  OM  Red 
Sandstone  contains  Orthoceras  dimidiatum,  Spirorbis  Lewisiiy  and 
a  graptolite.  These  being  unquestionably  Silurian  fossils,  may  not 
this  band  of  shale  and  underlying  sandstones,  conglomerates,  etc., 
be  the  equivalents  of  the  Downton  Sandstones  ?  Again,  we  have 
shown  that  the  Caithness  rocks  must  be  assigned  to  a  higher  horizon 
than  those  of  Strathmore,  while  we  think  we  have  given  strong 
evidence,  both  physical  and  palseontological,  for  believing  that  the 
whole  of  the  series  from  the  passage  beds  of  Lanarkshire,  through 
the  middle  series  of  Strathmure,  into  the  highest  members  of  the 
group  in  the  Orkney  Islands,  are  of  marine  origin ;  and  it  is  t-o  this 
age  we  would  refer  the  plain  of  marine  denudation  seen  in  the 
Highland  mountains. 

Professor  Davis  advances  two  objections  to  the  plain  now  seen 
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in  the  Highland  mountains  being  of  such  high  antiquity  as  we  have 
given  it  —  first,  that  it  could  not  have  survived  the  subsequent 
deformation,  as  seen  in  the  angles  to  which  the  Old  Red  Sandstone 
has  been  tilted  ;  and  second,  that  it  can  hardly  have  been  longer 
exposed  to  dissection  than  since  the  latter  part  of  Mesozoio  time. 
Kow  if  Professor  Davis  takes  a  geological  map  of  Scotland  and 
examines  it,  he  will  find  two  great  faults  running  across  Scotland : 
within  these  faults  he  will  find  the  later  Palaeozoic  rocks  tilted  and 
crushed  at  considerable  angles,  this  being  an  area  of  faulting  and 
corrugation  ;  out  hide  these  faults,  however,  the  later  Palaeozoic  rocks 
lie  at  low  angles,  showing  little  evidence  of  disturbance,  and  we 
believe  not  enough  to  destroy  the  old  marine  peneplain.  On  these 
areas  the  later  Palaeozoic  rocks,  including  both  the  Old  Red  Sand- 
stone and  the  Carboniferous  series,  lay  piled  in  their  almost  normal 
horizontal  position,  to  the  height  of  thousands  of  feet,  and  so  pre- 
serving the  old  marine  peneplain  from  the  action  of  the  subaerial 
forces  which  otherwise  must  have  destroyed  it ;  and  presenting  it 
as  we  see  it  at  the  present  day.  It  was  upon  this  cover  of  horizontal 
rocks,  we  believe,  the  river  systems  of  the  Highlands  were  first 
traced.  P.  Macnaib  and  J.  Reid. 


THE   STRUCTURE  OF   GLACIER-ICE. 

Sir, — When  at  Chanionix  on  September  2-1,  1896,  I  visited  the 
Glacier  des  Bossons.  At  the  termination  of  the  glacier,  where  the 
stream  was  flowing  out,  the  ice  was  melting  in  a  most  interesting 
manner,  which  fully  hears  out  the  description  and  drawings  of  the 
structure  of  glacier-ice  (by  polarized  light)  given  by  Messrs.  Deeley 
and  Fletcln^r  in  the  Geological  Magazine,  1895,  pp.  162-162.  The 
ice  was  disintegrating  into  separate  pieces  of  irregular  form,  each 
an  inch  or  thereabouts  in  diameter  (there  ma}'  have  been  larger  and 
smaller  pieces),  and  fitting  exactly  together,  with  interlocking  pro- 
jections and  cavities,  so  that  the  structure  reminded  one  of  a  toy 
dissected  map.  Here,  then,  we  have  the  glacier-ice  dissected  fur 
us  by  nature  and  its  structure  displayed  to  the  naked  eye,  without 
the  aid  of  a  polarisco{)e.  As  1  had  no  polariscope  with  me  1  cannot 
hay  whether  each  piece  consisted  of  a  single  crystal  or  of  an 
aggregate  of  crystals.  Bernakd  IIobson. 

P.S. — Perhaps  by  immersing  blocks  of  glacier-ice  in  hot  water 
the  structure  might  be  brought  out  artificially. 


THE    JUBILEE    OF    THE    PAL-aEONTOGRAPHlCAL    SOCIETY: 

A   SUGGESTION. 

Sir, — On  reading  the  interesting  account  of  the  work  of  the 
Pal  aeon  tograj)hicnl  Society  that  appeared  in  your  valuable  Magazine, 
it  occurred  to  me  that  the  jubilee  of  this  Society  might  well  be 
commemorated  in  some  way  more  useful  and  more  permanent  than 
the  eating  of  a  dinner.  The  practical  proposal  that  I  now  beg  to 
offer  is  the  outcome  of  considerable  use  of  the  volumes  issued 
hy  the  Palaeontoi^raphical  Society ;  for  that  has  led  to  the  discovery 
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of  a  great  need.  The  need  is  that  of  a  serviceable  index  to  each 
or  all  of  the  completed  monographs.  Personally  I  have  felt  the 
absence  of  such  a  help  most  sorely  in  Davidson's  large  work  on 
the  Braohiopoda,  and  have  wasted  much  time  in  searching  for  such 
well-known  British  species  as  Prodtictua  Martini  or  P.  productM, 
Lingula  Volizii,  and  Hemitkyris  angmtifrom  (I  mention  examples 
from  the  last  two  days  only).  My  colleagues  say  that  equal 
difficalty  is  experienced  with  other  monographs.  We  shall  perhaps 
be  told  that  indices  are  already  published  to  these  monographs; 
that  may  be,  but  they  rarely  contain  what  one  wants,  and  some 
of  them  are  not  even  arranged  in  alphabetical  order.  The 
proposal,  then,  is  that  a  real  index  should  be '  compiled  to  all 
the  volumes  as  yet  published  by  the  PalaBontographical  Society ; 
that  it  should  contain  every  name  mentioned,  either  in  the  text 
or  in  the  explanation  to  the  plates,  whether  synonym,  variety, 
species,  or  genus ;  that  these  names  should  be  arranged  alpha- 
betically under  both  generic  and  trivial  names ;  that  the  index 
should  be  compiled  by  some  experienced  person  or  persons ;  that 
it  should  be  published  in  octavo  form,  two  columns  to  a  page, 
certainly  not  in  quarto  form,  and  not  on  thick  paper.  The  cost 
of  preparing  and  publishing  such  an  index  might  be  defrayed 
partly  by  special  subscription,  partly  by  substituting  it  for  a 
portion  of  the  volume  for  one  year.  Most  scientific  men,  including 
the  members  of  the  PalaBontographical  Society,  would  probably 
be  more  grateful  for  a  good  index  than  for  another  instalment  of 
new  species.  By  publishing  this  letter  in  your  widely-read 
Magazine,  you  will  perhaps  elicit  the  views  of  geologists  in  general, 
and  the  Council  of  the  Pal  aeon  tographiual  Society  would  see  what 
support  was  likely  to  be  forthcoming. 

F.  A.  Bather. 


OBITTJ-A.ie.'Sr- 


CAPTAIN    MARSHALL    HALL. 

Born  Fbbbuary  6,  1831.  Died  April  14,  1896. 

Marshall  Hall«  late  Captain  in  the  Boyal  East  Middlesex 
Militia,  J.P.  for  Wilts,  F.G.S.,  F.C.S.,  etc.,  was  born  in  Lontlon 
on  February  6,  1831,  and  died  at  Parkstone,  Dorset,  April  14.  181)6. 

As  the  only  child  of  an  eminent  physician  and  physiologist,  he 
was  brought  up  in  an  atmosphere  of  science  from  early  days,  and 
it  is  to  this  circumstance  that  his  penchant  for  things  scientific  was 
in  a  great  measure  due.  Thus,  he  was  at  all  times  very  handy 
with  bis  microscope,  which  he  found  useful  both  in  his  chemical 
and  mineralogical  investigations.  Besides  an  interest  in  science, 
mountaineering  and  yachting  had  strong  attractions  for  him,  and  it 
was  these  three  factors  which  largely  influenced  his  career. 

No  one  science  could  claim  his  exclusive  allegiance;  but  he 
evinced  an  interest  in  Geology  when  he  became  a  Fellow  of  the 
Geological  Society  in  1866,  most  probably  at  the  suggestion  of  his 
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intimate  friend,  Morris.  Shortly  after  taking  this  step  a  brief 
notice  from  his  pen,  in  the  Geological  Magazine,  showed  that 
he  had  already  begun  to  interest  himself  in  the  glaciers  of  Norway, 
as  he  claimed  to  have  made  a  rough  surrey  of  ioe-tracts  at  the  end 
of  fjords  where  no  yacht  had  ever  been  seen  before. 

Probably  the  best  thing  that  Marshall  Hall  ever  did  for  scientifio 
investigation  was  by  organizing  the  cruise  of  the  **  Noma  "  in  1870. 
It  is  true  that  on  this  occasion  he  was  ably  seconded  by  two  re- 
markable men,  Saville-Eent  and  Edward  Fielding;  to  the  former  of 
whom  especially  the  scientific  credit  of  this  most  successful  essay 
in  niaiine  zoology  was  due.  Still,  it  was  on  the  initiation,  and 
mainly  at  the  expense,  of  Marshall  Hall  that  these  results  were 
obtained ;  and  they  are  all  the  more  striking  when  we  remember 
that  this  expedition  took  place  three  years  before  the  "Challenger'* 
started  on  her  memorable  voyage. 

A  few  years  afterwards  (1874)  we  find  Marshall  Hall,  still  foil 
of  enthusiasm,  making  a  proposal  in  the  Geological  Magazine  for 
a  '*  Swiss  Geological  Ramble";  and  he  asks  the  then  President  of 
the  Geologists*  Association  (Dr.  Woodward)  what  he  wotild  think 
of  this  extended  excursion.  Two  years  subsequently  he  was  busily 
engaged,  in  conjunction  with  Sorby,  Haughton,  Heddle,  and  others, 
in  founding  the  Mineralogical  Society.  The  first  contribution  to 
the  Journal  of  thftt  Society  (Autjust,  1876)  is  a  short  note  written 
by  himself  and  Clifton  Ward  *' Upon  a  portion  of  Basalt  from  the 
Mid-Atlantic." 

From  time  to  time  he  contributed  short  papers  to  the  Mineralogical 
Society,  not  forgetting  to  suggest  collaboration  amongst  mineralogists. 
As  he  was  now  for  the  most  part  resident  in  Switzerland,  the  rocks 
of  the  Val  d'Anniviers  and  the  Saasthal  supplied  him  with  a  congenial 
theme.  Here  both  his  chemical  knowledge  and  his  climbing  pro- 
pensities were  of  use.  Thus,  in  1882  he  narrates  how  he  traced 
certain  euphotides  and  serpentines  to  an  arreUf  some  10,000  feet 
high,  descending  froni  the  Allalinhorre.  and  ho  compares  the  rocks 
thus  observed  t?i  sitii  with  transported  masses  occurring  in  the 
neighbourhood  of  Yeytaux  and  Geneva. 

More  recently,  and  since  he  came  back  to  England,  Marshall  Hall 
returned  with  renewed  ardour  to  an  old  love — the  study  of  glaciers. 
His  Alpine  exj>eriences  helped  him  here.  In  this  connection  his 
friend  and  coUahornieur^  Professor  Forel,  writes  *  that  Hall  had 
often  contributed  original  notes  to  the  reports  on  glacial  variations 
issued  by  himsfolf.  Later,  in  1891,  when  living  at  Parkstone, 
Mjirsliall  Hull  continued  to  follow  up  this  subject  with  great  eager- 
ness, and  obtained  from  the  Alpine  Club  the  formation  of  a  com- 
mittee charged  with  the  care  of  studying  the  oscillations  of  the 
glaciers  in  different  parts  of  the  British  Empire.  In  1893  he 
coiitrihuted  a  short  paper  to  the  Gkological  Magazine  on  "Glacier 
Observations,  more  especially  Colonial,"  being  the  substance  of  two 
articles  which  had  already  appeared  in  the  Alpine  JonrnaL  He  was 
successful  also  in  interesting  the  Colonial  authorities  in  his  scheme. 

^  "  In  Memoriam*' :  Alpine  Journal,  August,  1896,  p.  176. 
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Finally,  in  1894,  at  the  International  Geological  Congress  of  Zurich 
he  initiated  the  formation  of  the  '*  Commission  Internationale  des 
Glaciers,"  heing  himself  elected  representative  for  Great  Britain  and 
the  Colonies. 

A  wide  field  had  in  this  way  been  found  for  the  exercise  of  his 
energies,  and  there  seemed  every  prospect  that  he  might  continue 
to  do  much  good  work,  when,  to  the  great  sorrow  of  his  family  and 
numerous  friends,  he  was  carried  off,  after  a  short  illness,  at  the 
age  of  65.  just  as  his  plans  for  the  universal  study  of  glacier  action 
were  beginning  to  bear  fruit. 

Marshall  Hall  is  not  to  be  estimated  merely  by  his  writings, 
which,  like  his  speeches,  were  for  the  most  part  exceedingly  brief. 
His  strength  rather  lay  in  his  faculty  of  bringing  men  together,  and 
for  this  purpose  his  genitd  disposition  and  agreeable  manners 
eminently  qualified  him.  In  the  heyday  of  life  he  discharged  these 
functions  in  a  generous  and  hospitable  spirit.  Unfortunately,  as 
time  went  on,  his  physical  infirmity  of  deafness,  in  conjunction  with 
other  causes,  tended  to  withdraw  him  from  society  at  large,  though 
never  from  social  intercourse.  To  the  last  he  struggled  bravely 
against  all  these  difficulties,  frequently  busy,  but,  as  he  says  in 
a  letter  written  a  few  months  before  his  death,  grown  older  and  less 
inclined  to  work.  "Not  that  I  am  often  idle,"  he  remarks;  "things 
come  in  all  of  a  heap,  then  comparative  repose,  then  more  work. 
There  will  not  be  much  to  show  for  sundry  years,  even  if  I  got  folks 
to  do  anything  systematic.  So  far,  the  New  Zealanders  are  my 
best  men." 

Those  sundry  years  he  was  not  destined  to  realize,  and  now  that 
the  originator  is  gone  will  the  work  be  continued  ? 


HENRY   JAMES    SLACK,   F.G.S.,   F.R.M.S. 

BoKN  OcTOBBK  23,  1818.  Died  June  16,  1896. 

Among  the  pioneers  of  science,  more  especially  interested  in  the 
promotion  of  microscopical  investigations  in  Biology,  the  name  of 
Henry  James  Slack  must  be  engraved  upon  the  annals  of  the 
present  century,  of  which  his  life  had  covered  nearly  78  years. 

H.  J.  Slack  was  educated  at  Dr.  Evans'  school,  North  En«l, 
Hampstead,  and  at  the  age  of  seventeen  he  entered  a  wool-broker's 
office  in  the  City,  in  which  he  speedily  became  a  partner,  but  he 
retired  in  1846,  finding  the  business  uncongenial  to  his  literary  and 
scientific  inclinations:  he  then  devoted  himself  to  legal  and  forensic 
studies,  and  was  in  due  course  "  called,"  but  although  a  keen 
debater,  and  intensely  fond  of  either  a  scientific  or  political 
discussion,  he  never  practised  at  the  Bar. 

Whilst  residing  at  Ilfracombe,  in  1849,  he  wrote  several  articles 
which  appeared  in  the  North  Devon  Journal,  and  in  1852  he 
became  proprietor  and  editor  of  the  Atlas  newspaper,  to  which 
Walter  Savage  Landor  contributed  some  poems  on  Garibaldi.  He 
also  acted  as  temporary  editor  of  the  Westminster  Quarterly ;  and 
contributed    numerous    articles     both    to    newspapers    and    other 
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perioilical  piiblicaliona.  In  18G0  Henry  James  Slack  ooTnniPncp<l 
to  write  leaders  for  the  Weekly  Time$,  which  he  continued  nntil  18j^4. 

Keenly  alive  to  all  political  and  social  reforms,  and  8pendin<^  his 
time  and  money  most  generously  in  the  cause  of  national  and 
unsectarian  eiiiication,  he  was  at  the  same  time  earnestly  devoted 
to  scientific  purHiiits.  He  joined  the  Geological  Society  of  London 
in  1849  (having  heen  at  the  time  of  his  death  a  Fellow  for  47  years;. 
Among  his  numerous  scientific  papers  three  only  bear  directly  on 
Geology,  namely  :  •*  On  Coccoliths  and  Coccospheres  in  Keigate 
Sandstone  "  ;  "  Notes  on  the  Comparative  Geology  of  the  Earth  and 
Moon  "  ;  and  •*  Life  Changes  on  the  Globe." 

One  of  his  most  valuable  labours  for  the  promotion  of 
science  was  the  editing  of  Recreative  Science  (published  by 
Messrs.  Groombridge  and  Sons),  which  was  enlarged  successively 
into  the  Jutellectual  Observer,  and  lastly  into  the  Student.  As 
the  popular  exponent  of  science,  this  periodical  occupied,  for 
about  twenty  years,  a  first-class  position,  and  possibly  mi^ht 
have  survived  even  to  the  present  day,  but  for  the  triple 
dangers  of  alterations  in  form,  in  size,  and  in  title,  which  it 
underwent  at  the  hands  of  its  metamorpbotic  publishers  and  editor, 
had  not  the  former  terminated  their  publishing  buKiness,  and  the 
latter  his  duties  as  editor!  Dr.  S.  P.  Woodward,  Dr.  G.  S.  Brady, 
Dr.  P.  Liitley  Sclater,  Dr.  H.  Woodwanl,  Dr.  P.  Martin  Duncan, 
Dr.  Wright,  Professor  Sir  Wyville  Tboui8on.  and  many  other 
distinguished  men  of  science,  contri})uted  to  Mr.  Slack's  monthly 
magazine,  and  its  pages  abouuiled  with  good  scientific  articles. 

Of  the  Koyal  ^licroKcopical  Society  he  may  be  said  to  have  bet=n 
one  of  the  founders,  and  he  filled  in  succession  the  offices  of 
Secretary  and  of  President.  In  addition  to  the  keen  interest  which 
Mr.  Slack  took  in  all  microscopical  research,  he  was  also  an 
enthusiastic  8tu<lent  of  Astronomy,  and  erected  a  telescope  about 
18G7,  at  his  residence  in  Camden  S<iuare,  which  had  some  points 
of  novelty,  being  a  Newtonian,  mounted  equatorially  on  a  stand 
designed  by  Mr.  Browning  and  himself,  having  a  silver-on-glass 
ppeculum  and  a  prism  instead  of  a  mirror  at  the  eye-tube  (see 
Intf^llectnnl  Observer,  vol.  ix,  p.  276).  Always  interested  in  politics 
and  in  all  matters  rtduting  to  education  and  social  progress,  and 
being  a  strong  democrat  in  principles,  in  1879,  when  President  of 
the  National  Sunday  League,  he  instituted  Sunday  Evening 
Entertainments  for  the  People,  giving  popular  scientific  lectures 
himself,  with  illustrations,  and  always  with  selections  of  good 
classical  music. 

His  scientific  papers  mostly  appeared  in  the  Intellectual  Observer 
and  Student,  and  bear  chiefly  upon  microscopical  research.  Some 
of  his  woik  on  Infusoria  was  published  in  a  small  book  entitled 
•*  Marvels  of  Pond  Life,'*  which  passed  through  three  editions. 

In  later  years  Mr.  Slack  removed  from  London  to  a  delightful 
country  residence,  Ashdow^n  Cottage,  Forest  Row,  Sussex,  where  he 
B[)ent  the  last  ten  or  fifteen  years  of  his  always  haj^py,  busy,  literary 
and  scientific  life. 
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